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PRODUCT LINE-UP (1 a 


8 BIT SERIES 256K WORD MSC2328A CMOS 
512K WORD MSC2330A CMOS 
1M WORD MSC2313A CMOS 

MSC2358 CMOS 

9 BIT SERIES 256K WORD MSC2329 NMOS 
cmos 

MSC2331A CMOS 

1M WORD MSC2312A CMOS 

MSC2359 CMOS 

4M WORD MSC 2340 CMOS 

32 BIT SERIES 256K WORD MSC2327A CMOS 
cmos 
1M WORD MSC2357 CMOS 

36 BIT SERIES 256K WORD MSC2320A CMOS 
512K WORD MSC2321A CMOS 
1M WORD MSC2355 CMOS 
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PRODUCT LINE-UP (2) 
2.3M 


CMOS /2.0M 256K X 8 MSC2328A 
256K X9 MSC2316 

MSC2331A 

512K X8 MSC2330A 

8.0M | 256K X 32 MSC2327A 

iM X8 MSC2313A 
MSC2358 

190M | 256K X 36 MSC2320A 


MSC2312A 
MSC2359 


512K X 32 MSC2333A 
512K X 36 MSC2321A 
1M X 32 MSC2357 


1M X 36 MSC2355 
4M X9 MSC2340 
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TYPICAL CHARACTERISTICS 










Power 








































MSC2358-80 
KS2 


Socket 

Insertable | 1,048,576x8 30 
MSC2358-10 Module 
KS2 
MSC2329-10 
YS3/KS3 Socket 

2.3M | Insertable | 262,144x9 30 
MSC2329-12 Module 
YS3/KS3 
. 


Memory ee bois Access | Cycle ee 
; ircui _ Memory O 
Model Name | Capacity ; MAX 
(bit) Function | Configuration | Pins per (mW) 
Operating/ 
Standby 
MSC2328A-80 825/11 
YS2/KS2 Socket 
Insertable | 262,144x8 30 +5 
MSC2328A-10 Module 715/11 
YS2/KS2 
MSC2330A-80 160 | 847/22 
YS4/KS4 Socket 
4M Insertable | 524,288x8 30 +5 
MSC2330A-10 Module 737/22 
YS4/KS4 
MSC2313A-70 70 3740/44 
YS8/KS8 
MSC2313A-80 Socket 3300/44 
YS8/KS8 Insertable | 1,048,576x8 30 +5 
Module 
MSC2313A-10 | 190 | 2860/44 
YS8/KS8 











+5 
100 on 880/11 














Socket 
insertable 
Module 


MSC2316-10 
YS9 


MSC2331A-80 
YS3/KS3 
MSC2331A-10 
YS3/KS3 






MSC2316-80 
YS9 

262,144x9 
262,144x9 





Socket 
insertable 
Module 
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TYPICAL CHARACTERISTICS (cont'd) 


































Power 
Consump- 

















Number |} Access | Cycle 





















Memory | Circuit of a> 

Model Name ae Function | Configuration | Pins per) MAX | MIN neve 
Operating/ 

Standby 


MSC2312A-70 
YS9/KS9 





MSC2312A-80 
YS9/KS9 


Socket 
Insertable 
Module 


Kala sl 
Ul al 
Li ia dl 


72 +5 


MSC2312A-10 
YS9/KS9 


1,048,576x9 
Socket 
insertable |1,048,576x9 
Module 


Socket 

Insertable |4,194,304x9 
Module 

Socket 

Insertable | 262,144x32 
Module 


MSC 2359-80 
MSC 2359-10 


MSC 2340-80 
YS9/KS9 


MSC2340-10 
YS9/KS9 


MSC2327A-80 


MSC2327A-10 


Ww 
Oo 





100 2814/84 


100 3360/42 
Ls 160 | 4410195 
100 3780/95 





MSC2333A-80 
YS16 












Socket 
Insertable 
Module 


7 16M 
MSC2333A-10 
YS16 


524 ,288x32 
1,048,576x32 


262,144x36 


MSC2357-80 





Socket 
insertable 


MSC2357-10 Module 


MSC2320A-80 








Socket 
insertable 


MSC2320A-10 Module 


< ~< < < ~< < ~< ~< 
mp) ” 7p) a 
PL ae 





to) 
ne) 
bo . 











ee Memory | Circuit 
odel Name saad Function | Configuration | Pins per 


MSC2321A-80 
YS18 Socket 


16M _ |Insertable | 524,288x36 
MSC2321A-10 Module 
YS18 





Socket 
Insertable |1,048,576x36 
Module 


MSC2355-80 
YS12 
MSC2355-10 
YS12 
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Power 
Consump- 
tion 


Operating/ 
Standby 
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TERMINOLOGY AND SYMBOLS 


1. PIN TERMINOLOGY — 2. ABSOLUTE MAXIMUM RATINGS 









Row Address Strobe Pin 


RAS, 


RASO ~ RAS 


Column Address Strobe Pin CAS, 
CASO ~ CAS3 
| Ss 





¢) 








3. RECOMMENDED OPERATING 4. DC CHARACTERISTICS 


CONDITIONS 
Dynamic RAM Term | Dynamic RAM 
Power Supply Voltage 












“L” Input Voltage 
Operating Temperature 


CC5 
loce 
CC7 





5. AC CHARACTERISTICS 


(1) Read Cycle 


Term 


Dynamic RAM 
Read Cycle Time fe. 
Address Access Time tll 


Output Enable Access Time 


Address Set-up Time 


tray loan 
tras? leas? twe 
taco» trap 


Address Hold Time 


Clock Pulse Width 


Output Disable Time lL ees | 


Clock Delay Time 
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(2) Write Cycle 


Term 


Dynamic RAM 


Write Cycle Time 
Address Set-up Time 
Write Pulse Width 
Data Set-up Time 
Data Hold Time 
Output Off-time 


Address Hold Time 
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PACKAGING 


























SIMM72-8HSOJ 








(NOTE) 


Typical Description of Package Code: 
SIMM 30-8H QFJ 
Package name put on the module 


{H : Package to be mounted horizontally 
|N/A : Package to be mounted vertically 


Number of packages on the module 
Pin count 


Module type 


= PACKAGING#® 


SOPIN | SIMM30-2HSOJ (UNIT: mm) 


88.90 + 0.20 
82.14TYP 


16.50+0.20 | 
10.16TYP 


1.27 £0.20 


PRODUCT NAME 
MSC2328A-xxYS2 


SOPIN | SIMP30-2HSOJ (UNIT: mm) 


88.90 +0.30 5.28MAX 


82.14TYP 








10.16TYP 
19.5MAX 


2.03TYP | |5.59TYP 
0.27+0.20 


2.54MIN A 


SEATING PLANE 
73.66 


PRODUCT NAME 
MSC2328A-xxKS2 


MSC2358-xxKS2 
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SOPIN | SIMM30-2HSOJ 1HQFJ (UNIT : mm) 





16.51+0.20 


88.90 +0.20 
82.14TYP 


| 1.78TYP 1.27+0.20 | | 


73.66 


10.16TYP 





PRODUCT NAME 


MSC2329-xxYS3 
MSC2331A-xxYS3 


SOPIN | SIMPSO-2HSOJ 1HQFJ (UNIT : mm) 


88.90 + 0.30 


82.14TYP 


PRODUCT NAME 


MSC2329-xxKS3 
MSC2331A-xxKS3 





=» PACKAGING ® 


— SOPIN | SIMM30-3HSOJ | (UNIT: mm) 





16.51+0.20 


16.51+0.20 


SOPIN | SIMM30-4HSOJ 


10.16TYP 


88.90 £0.20 5.28MAX 


3.38TYP 82.14TYP sey 
$3.18 F ER IDE SERPENT ee SL, mono t 





10.i6TYP 
S5TYP 
2.54MIN 





© GIOIA OOOO 
2.03TYP | | 5.59TYP 
1.27 £0.20 
2.54£0.25 1.78TYP 
73.66 


PRODUCT NAME 
MSC2359-xxYS3 


88.90 0.20 5.08MAX 


3.38TYP 82.14TYP 
$3.18 | 





) PI A i 
2.03TYP | |5.59TYP ae 1.78TYP . 1.27+0.20 i 


73.66 





PRODUCT NAME 


MSC2330A-xxYS4 
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SOPIN {| SIMPSO-4HSOJ (UNIT : mm) 


88.90 + 0.30 
82.14TYP 





10.16TYP 
6.35TYP 
19.5MAX 


NOOO OOOO OOOO OOOO OOOO OOOO oo 
AAA AAA RAAAAA AAA AAAI 


2.03TyYP | |5.59TYP 0.50+0.10 > 
; -Py 40.25 (M) 
0.27+0.20 


SEATING PLANE 


PRODUCT NAME 
MSC2330A-xxKS4 


SOPIN | SIMM30-8SOJ (UNIT : mm) 


88.90 +0.20 


3.38TYP 82.14TYP 


20.45MAX 


1.27 +£0.20 


PRODUCT NAME 
MSC2313A-xxYS8 





= PACKAGING # 


SOPIN | SIMP30-8SOJ | 





78.74+0.30 





0.50+0.10 
he $0.25 (M) 


73.66 


PRODUCT NAME 
SEATING PLANE 
MSC2313A-xxKS8 


SOPIN | SIMMS30-9SOJ 


88.90 £0.20 5.28MAX 


82.14TYP 
s PY | 


Ow i 


: : 


i 
+ “ 


nd bd 
bd 


x 
< 
= 
9) 
= 
=) 
N 


|_| 


i 
ate 


10.16T YP. 


MOnAnn enya once 


asazo2s || 5440.25 i 1.78TYP 
73.66 1.27 +0.20 


PRODUCT NAME 
| MSC2312A-xxYS9 
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SOPIN | SIMP30-9SOJ (UNIT : mm) 












































5.28MAX 
oa . 88.90 + 0.30 
3.38TYP un See B2.14TYP = : siete 
: * bd bd bd AG * Ed bd ; $3 
<< 
! : 
Sa d bd * bc bd bc bd hd bd ; oe 
fc z : i a Ps Ps : z : 3 
S jae 
0.50 +0.10 z 
2.03TYP _ 2802007 Tons @| S Riou 
73.66 S ala 
° N 









SEATING PLANE 


PRODUCT NAME 


MSC2312A-xxKSQ 


SOPIN | SIMM30-9SHSOJ (UNIT : mm) 

















- 25.4MAX 


a 
> 
(= 
2 
g 


INO ANNAN ANNAN NAAN ANNAN NAN AN se 


2.03TYP | [S.S9TYP 2.54+0.25 1.78TYP 





Pe ee 








73.66 





PRODUCT NAME 
MSC2340-xxYS9 
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SOPIN | SIMP30-9HSOJ (UNIT: mm) 





SEATING PLANE 


PRODUCT NAME 
MSC2340-xxKS9 








SOPIN | SIMM30-9QFJ 


88.90 +0.20 


82.14TYP 


gonoooon | 


16.51£0.20 


TU dablataliatatatatad” 


10.16TYP 


2.03TYP | |5.59TYP 2 54+0.25 y 1.78TYP | 
1.27 £0.20 


PRODUCT NAME 
MSC23 16-xxYS9 
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72PIN | SIMM72-8HSOJ : (UNIT : mm) 


107.95 +0.20 





101.19TYP 





14.0MAX 
10.16TYP 


DO DAD AA ste. Ma o.on 


CCEPPEEETTELCET 


PRODUCT NAME 
MSC2357-xxYS8 


72PIN | SIMM72-8HSO\V -1 


107.95 + 0.20 


101.19TYP 


10.16TYP 


2.03TYP | |4.32TYP 1274020 ALS? 1.04TYP 
27 sone 








PRODUCT NAME 
MSC2327A-xxYS8 
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= PACKAGING # 


72PIN | SIMM72-8HSOJ 4HOFJ (UNIT : mm) 


107.95 +0.20 


101.19TYP 





25.40 +0.20 





10.16TYP 


+0102 
1.27 —0.08 


PRODUCT NAME 
MSC2320A-xxYS9 


72PIN | SIMM72-12SOJ (UNIT: mm) 


107.95 +0.20 





101.19TYP 








+0.102 
2.03TYP 27 £0. 1.04TYP 1.27 0.08 


PRODUCT NAME 
MSC2355-xxYS12 
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=sPACKAGING= | 


72PIN | SIMM72-16HSOJ | (UNIT : mm) 


107.95 +0.20 


101.19TYP 





= 
= 


25.40 + 0.20 


10.16TYP 


+0.102 
1.277 0.08 


PRODUCT NAME 
MSC2333A-xxYS16 








72PIN | SIMM72-16HSOJ 8HOFJ 


107.95 +0.20 


101.19TYP 














25.40 +0.20 
oe 
o 
a 


10.16TYP 
6.35TYP 


| R157 
2.03TYP 4.32TYP 1.27 +0.20 





MSC2321A-xxYS18 
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RELIABILITY INFORMATION 


1. INTRODUCTION 


Semiconductor devices play a leading role in the 
explosive progress of semiconductor technology. 
They use some of the most advanced design and 
manufacturing technology developed to date. 
With greater integration, diversity and reliability, 
their applications have expanded enormously. 
Their use in large scale computers, control 
equipment, calculators, electronic games and in 
many other fields has increased at a fast rate. 

A failure in electronic banking or telephone 
switching equipment, for example, could have far 
reaching effects and can cause incalculable 
losses. So, the demand, for stable high quality 
memory devices is strong. 

We, at Oki are fully aware of this demand. So we 
have adopted a comprehensive quality assur- 
ance system based on the concept of consisten- 
cy in development, manufacturing and sales. 
With the increasing demand for improvement in 
function, capability and reliability, we will expand 
our efforts in the future. Our quality assurance 
system and the underlying concepts are outlined 
briefy below. 


2. QUALITY ASSURANCE SYSTEM 
AND UNDERLYING CONCEPTS 


The quality assurance system employed by Oki can 
be divided into four major stages: device planning, 
developmental prototype, production prototype, and 
mass production. This system is outlined in the fol- 
lowing block diagram (Fig. 1). 

1) Device planning stage 

To manufacture devices that meet market demands 
and satisfy customer needs, we carefully consider 
functional and failure rate requirements, utilization 
form, environment and other conditions. Once we 
determine the proper type, material and structure, 
we check the design and manufacturing techniques, 
and the line processing capacity. Then we prepare 
the development planning and time schedule. 


2) Developmental prototype stage 

We determine circuits, pattern design, process 

settings, assembly techniques and structural re- 

quirements during this stage. At the same time, 
we Carry out actual prototype reliability testing. 

Since device quality is largely determined during 

the designing stage, Oki pays careful attention 

to quality confirmation during this stage. 

This is how we do it: 

(1) After completion of circuit design (or pattern 
design), personnel from the design, process 
technology, production technology, installa- 
tion technology and reliability departments 
get together for a thorough review to ensure 
design quality and to anticipate problems 


that may occur during mass production. 
Past experience and know-how guide these 
discussions. 

(2) Since many semiconductor memories in- 
volve new concepts and employ high level 
manufacturing technology, the TEG evalua- 
tion test is often used during this stage. 
Note: TEG (Test Element Group) refers to 

the device group designed for stabili- 
ty evaluation of MOS transistors, 
diodes, resistors, capacitors and 
other circuit component element 
used in LSI memories. 

(3) Prototypes are subjected to repeated relia- 
bility and other special evaluation tests..In 
addition, the stability and capacity of the 
manufacturing process are checked. 


3) Production prototype stage 

During this stage, various tests check the relia- 
bility and other special features of the production 
prototype at the mass production factory level. 
After confirming the quality of a device, we pre- 
pare the various standards required for mass 
production, and then start production. Although 
reliability and other special tests performed on 
the production prototype are much the same as 
those performed on the developmental prototype, 
the personnel, facilities and production site 
differ for the two prototypes, necessitating 
repeated confirmation tests. 


4) Mass production 

During the mass production stage, careful 
management of purchased materials, parts and 
facilities used during the manufacturing process, 
measuring equipment, manufacturing conditions 
and environment is necessary to ensure device 
quality first stipulated during the designing 
stages. The manufacturing process (including in- 
spection of the completed device) is followed by 
a lot guarantee inspection to check that the 
specified quality is maintained under conditions 
identical to those under which a customer would 
actually use the device. This lot guarantee in- 
spection is performed in three different forms as 
shown below. 


(1) Group A tests: appearance, labels, dimen- 
sions and electrical charac- 
teristics inspection 

(2) Group Btests: check of durability under 
thermal and mechanical envi- 
ronmental stresses, and 
operating life characteristics 

(3) Group C tests: performed periodically to 
check operational life, etc., 
on along term basis. 

Note: Like the reliability tests, the group B tests 

conform to the following standards. 
MIL-STD-883B, JIS C 7022, EIAJ-IC-121 
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e@ Production Process Quality Control 
() Lot Control 

(2) Equipment Conditions 

(3) In-Process Inspection 

(4) Thermal Screening 

(5) Seal Test 


Production 
Process 
Wafer Process 


Assembly 





Burn-in 


Screening @ Early Removal of Defective Devices 
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Electrical Test 
Regular Check of Measuring 
Equipment 


| anasoning | & 


@ Group A Test 
@ Group B Test 
@ Group C Test 


Outgoing 
Inspection 





Shipping 


Figure 2 Manufacturing Process 


Devices which pass these lot guarantee inspec- 
tions are stored in a warehouse awaiting ship- 
ment to customers. Standards are also set up for 
handling, storage and transportation during this 
period, thereby ensuring quality prior to delivery. 
Figure 2 shows the manufacturing flow of the 
completed device. 


Failure 
report 
Sales 
Department 
Analysis 
report 





5) At Oki, all devices are subjected to thorough 
quality checks. If, by chance, a failure does 
occur after delivery to the customer, defective 
devices are processed and the problem rectified 
immediately to minimize the inconvenience to 
the customer in accordance with the following 
flowchart. 


Request for 
technical 
improvement 
Engineering 
Department 
Report on 
results of 
investigation 
& improvement 


Assurance 
Department 


improvement 
Technical 
direction 


Request for 
technical 


Report on 
results of 
investigation 

& improvement 


Manufacturing 
Department 


Request for 
manufacturing 
improvement 


Figure 3. Failure report process 
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® Service 
@ Failure Analysis 
@ Customer Information Analysis 


Use Quality : 
Target Quality 


Quality Assurance 





® Transportation Control 
@ Stock Control 
@ Packaging 

















Quality Control 






Reliability Test 

Product Test <<. 
Screening 

Process Control aie cel 
In-Process Inspection 

Acceptance Inspection 


Quality and Reliability Information 
Quality Evaluation 

Defective Analysis 

Reliability Engineering 

Quality Management and Education 


eee © Marketing 
@ Product Planning 
———— ee Quality Objectives 
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Operation Standard 
Technical Standard 
Quality Standard 
Design Review 
Prototype Review 


Design Quali 
Production Quality esign Quality 










3. SEMICONDUCTOR MEMORY 
FAILURES 


The life-span characteristics of semiconductor 
elements in general (not only semiconductor IC 
devices) is described by the curve shown in the 
diagram below. Although semiconductor 
memory failures are similar to those of ordinary 
integrated circuits, the degree of integration 
(miniaturization), manufacturing complexity and 
other circuit element factors influence their inci- 
dence. 


Semiconductor Element Failure Rate Curve 


Wear-out 
failure 


Initial SHIPPING 
failure v 


Random 
failure 


General 
electronic 
devices 


Failure Rate — 


> Time 
Semiconductor 
elements 


Debugging by burn-in 
screening 





1) Surge Destruction 

This is destruction of the input/output stage cir- 
cuits by external surge currents or Static elec- 
tricity. The accompanying photograph shows a 
point of contact between aluminum and poly- 
silicon that has been dissolved by a surge cur- 
rent. A hole has formed in the substrate silicon, 
leading to a short circuit. This kind of failure is 
traceable in about 30% of defective devices re- 
turned to the manufacturer. Despite miniaturiza- 
tion of semiconductor memory component ele- 
ments (which means the elements themselves 
are less resistant), these failures usually occur 
during assembly and other handling operations. 
At Oki, all devices are subjected to static elec- 
tricity intensity tests (under simulated operation- 
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al conditions) in the development stage to 
reduce this type of failure. In addition to checking 
endurance against surge currents, special pro- 
tective circuits are incorporated in the input and 
output sections. 


K Input section 
2 p 


Aluminum We La 


~ Poly Si 
Destruction 
position 


wire 





2) Oxide Film Insulation Destruction (Pin Holes) 

Unlike surge destruction, this kind of failure 
is caused by manufacturing defects. Local wea- 
kened sections are ruptured when subjected to 
external electrical stress. Although this problem 
is accentuated by the miniaturization of circuit 
elements, it can be resolved by maintaining an 
ultra-clean manufacturing environment and 
through 100% burn-in screening. 


3) Surface Deterioration due to lonic Impurities 
Under some temperature and electric field condi- 
tions, charged ionic impurities moving within the 
oxide film previously resulted in occasional dete- 
rioration of silicon surfaces. This problem has 
been eliminated by new surface stabilization 
techniques. 


4) Photolithographic Defects 

Integrated circuits are formed by repeated pho- 
tographic etching processes. Dust and 
scratches on the mask (which corresponds to a 
photographic negative) can cause catastrophic 
defects. At present, component elements have 
been reduced in size to the order of 10 cm 
through miniaturization. However, the size of 
dust and scratches stays the same. At Oki, a 
high degree of automation, minimizing human in- 
tervention in the process, and unparalleled 
cleanliness, solves this problem. 





Example of surge destruction 


Photolithographic Defect 
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5) Aluminum Corrosion 
Aluminum corrosion is due to electrolytic reac- 
tions caused by the presence of water and 
minute impurities. When aluminum dissolves, 
lines break. This problem is unique to the plastic 
Capsules now used widely to reduce costs. Oki 
has carefully studied the possible cause and 
effect relationship between structure and manu- 
facturing conditions on the one hand, and the 
generation of aluminum corrosion on the other. 
Refinements incorporated in Oki LSIs permit su- 
perior endurance to even the most severe high 
humidity conditions. 
6) Alpha-Particle Soft Failure 

This problem occurs when devices are highly 
miniaturized, such as in 1 megabit RAMS. The in- 
version of memory cell data by alpha-particle 
generated by radio-active elements like uranium 
and thorium (present in minute quantities, mea- 
sured in ppb) in the ceramic package material 
causes defects. Since failure is only temporary 
and normal operation restored quickly, this is 
referred to as a “soft” failure. At Oki we have 
eliminated the problem by coating the chip sur- 
face of 1 megabit RAMs with a resin which effec- 
tively screens out these alpha-particles. 


Package ceramic 
cover 


ropusye, Silicon oxide 


film 


Substrate silicon 


lonization along 
the a-particle path 
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7) Degradation in Performance Characteristics 
Due to Hot Electrons 

With increased miniaturization of circuit ele- 
ments, internal electric field strength in the chan- 
nels increases since the applied voltage remains 
the same at 5V. As a result, electrons flowing in 
the channels, as shown in the accompanying dia- 
gram, tend to enter into the oxide film near the 
drain, leading to degradation of performance. Al- 
though previous low-temperature operation tests 
have indicated an increase of this failure, we 
have confirmed by our low-temperature acceler- 
ation tests, including checks on test element 
groups, that no such problem exists in Oki LSls. 


Drain 
+VD 


+VG 4 
—2 
Gate | 


Source 





Substrate silicon 


Characteristic deterioration caused 
by hot electrons 


With further progress in the miniaturization of cir- 
Cuit components, failures related to pin hole 
oxide film destruction and photolithography have 
increased. To eliminate these defects during 
manufacturing, Oki has been continually improv- 
ing its production processes based on reliability 
tests and information gained from the field. And 
we subject all devices to high-temperature burn- 
in screening for 48 to 96 hours to ensure even 
greater reliability. 














8 Bit Series ZY 


OK I semiconductor 
MSC2328A-xxYS2/KS2 


262,144 Word BY 8 Bit DYNAMIC RAM MODULE : FAST PAGE MODE TYPE 


GENERAL DESCRIPTION 


The Oki MSC2328A-xxYS2/KS2 is a fully decoded, 262,144 word x 8 bit CMOS dynamic random 
access memory composed of two 1Mb DRAMs in SOJ (MSM514256AJS). The mounting of two SOJs 
together with two 0.2 uF decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package supports 
any application where high density and large capacity of storage memory are required. The electrical 
characteristics of the MSC2328A-xxYS2/KS2 are same as the original MSM514256AJS; each timing 
requirements are noncritical, and power supply tolerance is very wide. 


FEATURES 


@ 262,144 word x 8 bit organization 
@ 30-Pin Socket Insertable Module 
@ Family organization 


Fami Access Time (MAX) Cycle Time Power Dissipation 
am! 
: trac | taa | tcac (MIN) | Oparating (MAX) | Standby (MAX) 


@ Single + 5V supply, +10% tolerance 4 
@ Input  : TTL compatible 

@ Output : TTL compatible, tristate, nonlatch 

@ Refresh : 512 cycles/8 ms 


FUNCTIONAL BLOCK DIAGRAM 
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= DYNAMIC RAM-MSC2328A-xxYS2/KS2 = 
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PIN CONFIGURATION 


MSC2328A-xxYS2 


PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


—_h 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative to Vss Vin; VOUT V 


Voltage on Vcc supply relative to Vss V 
Operating temperature 0 ~ 70 °C 
Storage temperature °C 
Power dissipation . a ee W 
Short circuit output current los a ee mA 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 








= DYNAMIC RAM-MSC2328A-xxYS2/KS2 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 


Operating 
VCC 45 
Supply Voltage vss | 
YsSs 
o°;C ~ +70°C 


input High Voltage, 
all inputs VIH 


Input Low Voitage. y 
all inputs IL 


DC CHARACTERISTICS 
(VoC=5V+10%, Ta=0~ +70°C) 


MSC2328A- | MSC2328A- 
a, 80YS2/KS2 | 10YS2/KS2 ; 
Parameter Symbol Condition i (Ne [Ne Unit | Note 


OV <VIN <6.5V : 
All other pins uA 
not under test=OV 
Data out is disable 
Output low voltage VoL | lo_=4.2mA —|oa]—[oa |v 


RAS cycling, 

CAS cycling, 130 | mA | 1, 2 
tRC=min 

em =| 4 =| a 
pMos|—| 2 |—| 2 | ma, 


20] — || m | | 


Input Leakage Current 


Output Leakage Current ILO 





Output high voltage 


Average power supply current 
(Operating) 





Power supply current 


(Standby) Icc2 





RAS1 cycling, 


CAS=ViH 
tRC=min 


Average power supply current 


(RAS only refresh) Icc3 


Average power supply current 


(CAS before RAS refresh) Icce 


re} < a 
O Cc 









Average power supply current 


(Fast page mode) Icc7 | CAS cycling 


Note : 1. Icc in dependent on out put loading and cycle rates. 
Specified value are obtained with the output open. 
2. Address can be changed once or less while RAS=Vj,__ 


3. Address can be changed once or less while CAS=Vjp. 
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= DYNAMIC RAM: MSC2328A-xxYS2/KS2 = 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Input Capacitance (RAS, CAS, WE) CIN2 


Data Input/Output 


Capacitance measured with Boonton Meter. 
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Unit 
pF 


pF 


pF 





AC CHARACTERISTICS 
(VCC = 5V + 10%, Ta = 0 ~ +70°C) 


Parameter 


Refresh period 

Random read or write cycle time 
Fast page mode cycle time 
Access time from RAS 

Access time from CAS 

Access time from column address 
Access time from CAS precharge 
Output low impedance time from CAS 
Output buffer turn-off delay 
Transition time 

RAS precharge time 

RAS pulse width 


RAS pulse width 
(Fast page mode cycle only) 


RAS hold time 


CAS precharge time 
(Fast page mode cycle only) 


CAS pulse width 

CAS hold time 

RAS to CAS delay time 

RAS to column address delay time 
CAS to RAS precharge time 

Row address set-up time 

Row address hold time 

Column address set-up time 
Column address hold time 

Column address hold time from RAS 


Column address to RAS lead time 


= DYNAMIC RAM:-MSC2328A-xxYS2/KS2 m= 


Note 1, 2, 3 


_ 


co | ns [a6 
5) 


4. 


MSC2328A- 
10YS2/KS2 


MSC2328A- 
80YS2/KS2 


Symbol 
tREF 
tRC 
tpC 
tRAC 
tCAC 
TAA 


oO amt 


js]: fafs/sjs|:|if> 2 
Oo m!lol|loa > 
< 
ERGE : 

> 

< 


or}; Oo} ND 
eles 
A) Ss 

Oo 


tCPA 
tCLZ 


oO ah, 


iN 


tOFF 
- ope || mf 
me |) - fo) |r 
tras | 6 | WK | 10 | OK | 


wer | 20 | | 26 | - | ne 


ee eine 
cas | || me me 
cn | © | [|] | 
roo |) o|@ | 7 | wm /s 
mo |v) | a] «| m/e 


N 
8 
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= DYNAMIC RAM-MSC2328A-xxYS2/KS2 = 





AC CHARACTERISTICS (Continued) 


MSC2328A- | MSC2328A- 
Parameter Symbol 80YS2/KS2 10YS2/KS2 Unit Note 
x [an [x 


io 

Read command set-up time tacs | 0 | - | o | - | 

Read command hold time tree =| o | - | o | - | 7 
Write command hold time from RAS twer | 6 | - | 75] - | 

Write command set-up time twos | 0 | - | o | —— 

Write command hold time | 20 | - | ns | 
Write command pulse width twe 
Date-in set-up time tos | (0 ons | 
Data-in hold time tDH pons | 
Date-in hold time from RAS tDHR 
Read command hold time eG 7 


referenced to RAS 


RAS to CAS set-up time 
(CAS before RAS) 


RAS to CAS hold time 


tCSR 


awh, ak 
oO oO 
mk —_ — —_ “J 


(CAS before RAS) 'CHR 

CAS active delay from RAS t 10 

precharge RPC 

CAS precharge time tCPN | 10 Ss 

Notes: 1. An initial pause of 100us is required after power-up followed by any 8 RAS cycles 
(Example : RAS only refresh cycle) before proper device operation is achieved. 

2 The AC characteristics assume atty =5 ns. 

3 Vipy (min.) and Viz (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vip and Vj. 

4. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 

5 Operation within the taco (max.) limit insures that tRac (max.) can be met. tacp (max.) 
is specified as a reference point only: if tacp is greater than the specified tacp (max.) 
limit, then access time is controlled exclusively by tcac. 

6 Operation within the taap (max.) limit insures that trac (max.) can be met. trap (max.) 
is specified as a reference point only; if tRap is greater than the specified tRap (max.) 
limit, then access time is controlled exclusively by taa. 

7 Either taRH or tRCH must be satisfied for a read cycle. 
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= DYNAMIC RAM:-MSC2328A-xxYS2/KS2 = 


READ CYCLE 


RC 
tap 
is tras 
RA IH 
Vit we 
tcrp trop tasy 
Ne cl 
Vit - 


tcrp 
So 
tRaL 
tasr tcaH 


trou 


trcs tran [| 


MMMM, ah 


Don't care 


Don't care 
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= DYNAMIC RAM-MSC2328A-xxYS2/KS2 = 


FAST PAGE MODE READ CYCLE | 


—— V - 
(CAS IH 
Vin 


Address - { co } LLL LL, 


trRH 


tacH 


Wd 





tan |_| 


top | 
7 


.| a 


pro 


tasr | [tow 


ue Meshes 7. th a C= KOT 


z R 
twos twcoH twes twen twes twcu 


we te viet ee 


tos tow 


°° vy -LLLLLL LL voor IU voces IA wsone HU /// LL. 


1% 


U/)) Don't care 





= DYNAMIC RAM-MSC2328A-xxYS2/KS2 = 


RAS ONLY REFRESH CYCLE 


taSR tRAH 


en Re OT a 


Don’t care 


NOTE: WE =Don'tcare, 





CAS BEFORE RAS AUTO REFRESH CYCLE 


CAS 
Vit — 


Don't care 





NOTE : WE=Don't care, AO ~ A8=Don't care 
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= DYNAMIC RAM: MSC2328A-xxYS2/KS2 = 


HIDDEN REFRESH READ CYCLE 


tac 
ae, ee 
Vit - 
taco trsH tcHR 
i 
tra 


tasc | tcan 


tcre 
Vin 
tas 


mem TOK = MOK m= MUTI 


= ZL MMU 
ie 


torr 


Cc 
co tm |, 
CLz 
//) Oon't care 


HIDDEN REFRESH WRITE CYCLE 
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OKI semiconductor 
MSC2330A-xxYS4/KS4 


524,288 Word BY 8 Bit DYNAMIC RAM MODULE : FAST PAGE MODE TYPE 


GENERAL DESCRIPTION 


The Oki MSC2330A-xxYS4/KS4 is a fully decoded, 524,288 word x< 8 bit CMOS dynamic random 
access memory composed of four 1Mb DRAMs in SOJ (MSM514256AJS). The mounting of four SOJs 
together with four 0.2uF decoupling capacitors on a 30pin glass epoxy Single-in-Line Package supports 
any application where high density and large capacity of storage memory are required. The electrical 
characteristics of the MSC2330A-xxYS4/KS4 are same as the original MSM514256AJS; each timing 
requirements are noncritical, and power supply tolerance is very wide. 


FEATURES 


@ 524,288 word x 8 bit organization 
@ 30-Pin Socket Insertable Module 
@ Family organization 


Access Time (MAX) Cycle Time Power Dissipation 


trac | taa | tcac | (IN) | Oparating (MAX)| Standby (MAX) 
MSC2330A-80YS4/KS4/ 60ns_ | 40ns_ | 20ns | 160ns 847mW ee 
MSC2900A-10¥S4/KS4 oe 


Single + 5V supply, +10% tolerance 

Input : TTL compatible 

Output : TTL compatible, tristate, nonlatch 
Refresh : 512 cycles/8 ms 


Family 


FUNCTIONAL BLOCK DIAGRAM 


1/O1 
1/02 
1/03 
1/04 


VSS VCC . 


1/01 

1/02 

CAS 1/03 

WE 1/04 
OE vcc vss vss voc OF 
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= DYNAMIC RAM-MSC2330A-xxYS4/KS4 = 


PIN CONFIGURATION 


MSC2330A-xxYS4 


1 
2 
3 
4 
5 
6 
7 
8 
i) 
0 


—_i, 





ABSOLUTE MAXIMUM RATINGS (See Note) 


| Voltage on any pin relative to Vss V 
Voltage on Vcc supply relative to Vss V 
Operating temperature °C 
Storage temperature | °C 
Power dissipation a W 
Short circuit output current re a ee mA 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
_ absolute maximum rating conditions for extended periods may affect device reliability. 


= DYNAMIC RAM:-MSC2330A-xxYS4/KS4 = 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 


Parameter 


Vcc 


Supply Voltage 


Input High Voltage, 


all inputs VIH 


Input Low Voltage, y 
all inputs IL 


DC CHARACTERISTICS 
(VoC=5V 410%, Ta=0~ +70°C) 


Parameter 


Input Leakage Current 


Output Leakage Current 


Output high voltage 


Output low voltage 


Average power supply current 
(Operating) 


Power supply current 
(Standby) 


Average power supply current 
(RAS only refresh) 


Average power supply current 
(CAS before RAS refresh) 


Average power supply current 
(Fast page mode) 


Note* : 


Symbol 


< 
” 
” 
~ = 
. 
ele ele i 


Operating 
Typ Unit temperature 
5 5.0 5.5 
0’°;C ~ +70°C 


on 


MSC2330A- | MSC2330A- 
80YS4/KS4 | 10YS4/KS4 , 
Min [Max [Min | Mex mee 


OV<Vin <6.5V : 

All other pins —40| 40 | —40; 40 | “A 

not under test=OV : 

-n| 2m) 2 an 


RASO, RAS1 cycling, 
CAS cycling, 


Condition 


Symbol 


Data out is disable 


ILO | ov <VoOUT <5.5V 





VOH 


VOL 


lcci 


tRC=min 





RASO, RAS1 


Icc2 


CAS=VIH 





loc3 | CAS=VIH 


Iccé 


RASO, RAS1=ViL , 
Icc7 | CAS cycling 
tpc=min. 


1. loc in dependent on out put loading and cycle rates. 
Specified value are obtained with the output open. 
2. Address can be changed once or less while RAS=Vj_. 


3. Address can be changed once or less while CAS=Vjy,_ 
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= DYNAMIC RAM- MSC2330A-xxYS4/ KS4 a 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Parameter Symbol | Max, Unit 
Input Capacitance (AO—A8s) CIN1 pF 


Input Capacitance ae C E 
(RASO, RASI, CAS, WE, OE) IN2 ‘ 
Data Input/Output 


Capacitance measured with Boonton Meter. 
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= DYNAMIC RAM: MSC2330A-xxYS4/KS4 = 


AC CHARACTERISTICS 
(Voc = 5V + 10%, Ta = 0 ~ +70°C) Note 1, 2, 3 


MSC2330A- | MSC2330A- 
Parameter Symbol 80YS4/KS4 10YS4/KS4 Unit Note 


rain. [ Max [Min [ Max 
Refresh period tree =| - | 8 | 
Random read or write cycle time ‘tac | te0 | — | 
Read/write cycle time Ftawc | 215 | — | 255 | 
Fast page mode cycle time tee =| 80 | 
Fast page mode Read/write cycle time tprmw | 105 | — | pons 
Access time from RAS ‘trac | — | 80 | — | 100 | ns | 4,5, 6 
Access time from CAS ftcac =| — | 20 | — | 25 | ns | 4.5 
Access time from column address twa | — | 40 | — | 50 | ns | 4,6 
Access time from CAS precharge ftcpa =| - | 45 | - | 50 | ns | 4 
Output low impedance time from CAS tz | o | - {| o | - | ns | 4 
Output buffer turn-off delay tOFF 0 | 0 | 20 | ns | 
Ps [| m/s 
Leo) = ae 


10K 100 10K 


ne 
100K | 100 | 100K | ns 


Transition time 


RAS precharge time 


HOFF 

tRP 
RAS pulse width 
RSH 


or}; NM 


RAS pulse width 
(Fast page mode cycle only) 


ee 

o 
RAS precharge time top pw] - |] = | me 
(Fast page mode cycle only) 
CAS hol tie Pies | a0 | — | wo] — | me 
RAS to column address delay time ‘trap | 17 | 40 | 20 | 50 | ns | 6 
CAS to RAS precharge time ftcrp .| 10 | - | 10 | — | ns | 
Row address set-up time fttsh | o | - | o | — | ns | 
Row address hole time | tra =| 12 | - | 18 | - | ns | 
Column address set-up time ftasc | o | - | o | — | ns | 


Column address hold time }tcay =| 15 | - | 20 | — | ns 
Column address hold time from RAS taR | eo | - | 76 | — | ns | 
Column address to RAS lead time ftaan =| 40 | - | 50 | — | ns | 
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= DYNAMIC RAM: MSC2330A-xxYS4/KS4 = 


AC CHARACTERISTICS (Continued) 


MSC2330A- | MSC2330A- 
Parameter Symbol 80YS4/KS4 10YS4/KS4 Unit Note 
Pex | in [Wx 


Read command set-up time tRCS 


Read command hold time 


00 


~] 


Write command hold time from RAS 


Write command set-up time twcs 


NO 
Oo 


Write command hold time tWCH 


“J 


N 
1) 


Write command pulse width 


= =a 
U . 7 


N NO 


2 
20 


NO 
on 


Write command to RAS lead time tRWL 


N 
oO 


Write command to CAS lead time tCWL 


Data-in set-up time 


NO 


no =} =>] Ww = | 0] @ N 
gjels]i[sfals/ | s/s |e 2[a)siola|a/sisjola 


Data-in hold time 

Data-in hold time from RAS 
CAS to WE delay tCWD 
RAS to WE delay tRWD 


5 


O 


as 
on Oo 


wow, 

ool, 

ro) 
NI NIN 


Column address to WE delay time tAWD 70 


Read command hold time 
referenced to RAS 


RAS to CAS set-up time 


(CAS before RAS) 


RAS to CAS hold time ; 
(CAS before RAS) CHR 


CAS active delay from RAS precharge | tRPC 


10 0 


tRRH 


tCSR 10 


3 


O 
n 


© 


CAS precharge time tCPN 
2 


O 
NO 


RAS hold time refemenced to OE tROH 
Access time from OE tOEA 
OE delay time tOED 20 


OE to data output buffer turn-on delay | togez 


Gg |D|c 
= |x| 
D 
Oo ol 
ee) 


wok | ek 
O 


20 


NO 
on 


OE command hold time tOEH 
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= DYNAMIC RAM-MSC2330A-xxYS4/KS4 = 


Notes: 1. An initial pause of 100s is required after power-up followed by any 8 RAS cycles 
(Example : RAS only Refresh cycle) before proper device operation is achieved. 


2. The AC characteristics assume at tT = 5 ns. 


3. Vi (min.) and Vj, (max.) are reference levels for measuring of input signals. Also, 
transition times are measured between Vjy and Vj, . 


4. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 


5. Operation within the tacp (max.) limit insures that tRAc (max.) can be met. tRcp (max.) is 
specified as a reference point only; it tacp is greater than the specified tacp (max.) limit, 
then access time is controlled exclusively by tcac. 


6. Operation within the tprap (max.) limit insures that trac (max.) can be met. trap (max.) is 
specified as a reference point only; if trap is greater than the specified trap (max.) limit, 
then access time is controlled exclusively by ta. 


7. twcs. tcwD. tRWD and tawp are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only; if tyes = twcs (min.) the cycle is an 
early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tcyyp (min.), thwp = tRWD (min.) and tawp = tawp (min.), the cycle is 
read/write cycle and the data out will contain data read from the selected cell; if neither of 
the above sets of conditions is satisfied the condition of the data out (at access time) is 
indeterminate. 


8. Either thRH or tRCH must be satisfied for a read cycle. 


= DYNAMIC RAM: MSC2330A-xxYS4/KS4 s 


READ CYCLE 
‘RC 
tRP 
tRAS IS acer Cad ec 
ms a 
RAS 
Vit - 
‘CRP mee eevee aa 
Vit - \ ie Pie 


‘ASR BS] | tan | tRAL | 
aaaress i A/LR ren IA courme MLL LLL LL LLL} 


tRcs tRRH 


we Tp a | | NTT 
mE YM TTI WTTTLLLTITITTTTT? 


tRAC 


You - away 
DO. 6, fe OPEN v/ Valid Data-out 
. ‘uz 


Don't Care 


WRITE CYCLE (EARLY WRITE) 


t 
t t 
t 


= eae {_ 
+ 
E | 


he fA CAH 
Address vit ////M_ Pom KK 20m KILI LLLLLLL LLL 


tWCH 


TTT TIN TTT TTL 
|| ftwert | 


ee LLL ITIL I LP LT ITT) 
ie DHR 


Vv ees 
i (| Valid Data-in OPEN 


ViL = ; 
(7A Don't Care 











= DYNAMIC RAM:-MSC2330A-xxYS4/KS4 = 


WRITE CYCLE (OE CONTROL WRITE) 


——— 


Cc 


Address 


VIH ~ 
Vit - 


Vy ee 
e _traD NN 
LJ 


Vit = 


taSR tCAH 


0 DX WOK come XLT 


tRWL 


a ITTLILLILLTL Ds ITLILLLILILILILL LLL 
ee LOLLY) Pg IIIT 


LLL LL HR vane 0atee KILI LLLP LLLLL LLL 
(7) Don't Care 


READ/WRITE CYCLE 


—_ 


RAS 


Cc 


ViH 
Vit - 


tcRP | RSH 
— a nn eee ee oe, 
t 


taSR CAH 


Address VIH 


WE 


OE 


vn 77 now MOM come MT LL 
ee ey a ee So 


VIL - 


We LLLLLLLLLLLLL 


tOH 
tRAC 


owen 
D0 oe BP) aeome a XZZZ7 ILL 


Don't Care 








=» DYNAMIC RAM-MSC2330A-xxYS4/KS4 m 


FAST PAGE MODE READ CYCLE 


taR 


VIH ~ 
Vit - ee ae 
ee 


tpc IRSH 


a BS aso of 


tRaH ‘ASC (CAH taSC 
Address ce 7K Row /X Column WOT TIE coun KIT Column MV /////) 


tRcs 'RCH tRcs |i} IRCS (RCH 


SN //1//11/ P LA RZZZ | 
vi om is fe Ne ke pe 


‘CAC | 'OFF CAC lOFF CAC tOFF 


trac |__| 1OEz ou | toez 
ay Valid AF Valid PAF valid 
() all /¥ ( a 
Bi ee) VN BateouD AM Stout) 
tcLz VA Don't Care 





FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


) 'RP 
7 Nessa dd 


a ‘AR 
one 
'RSH 
'CRP 
psa ee me 
ey i cme WF 
t Cerulean t 
ara 'CAH | so [cw 'CAH oe 


Address VI" “77) fetOK ae KDR soe HZ JR_courn 2S 


tRAD 
twos 





we 


me" 777TTIN WZZM WO VT 


ips toH tos| | 'pH tos | | tbH 


mt -LLZL//R Ny ee Uy Ee 


toHR 


V7) Don't Care 


OE = Don'tCare 
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= DYNAMIC RAM-MSC2330A-xxYS4/KS4 = 


FAST PAGE MODE WRITE CYCLE(OE CONTROL WRITE) 


so 


: eee 
See = 


gs A) 0) ED ML ES TMI, re RALMLILLLL 


twe twp tcwL 


me TITTLE = pn “om _ 


Ta, | gee oa 


OE yy a = ae sD ihe tne WLLL 


la 


po LLL TTT a le “| TA in am 


(777) Don't Care 





=» DYNAMIC RAM-MSC2330A-xxYS4/KS4 = 


FAST PAGE MODE READ/WRITE CYCLE 


tRCD tcas 


Se teas ok 
ome Yi ae 
IL 7 


Address. VM” D¥FoahO) OTS "SUMMA, ohn ZLELL{LILL 


tcwo 


ba [ 
we 4 gai raid 


ae 
toEZ 
- 
Tuas 


DQ VivoH- 
VivOL ~ 





tcLz tCLz tCLZ 


GZ, Don’t Care 





RAS ONLY REFRESH CYCLE 


'ASR tRAH 


pasress ve L/L 8 KILLLLLLLLLLLLLLLL LY 


V/ / Don't Care 


Notes: WE, OE = Don't Care 
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= DYNAMIC RAM:-MSC2330A-xxYS4/KS4 = 


CAS BEFORE RAS AUTO REFRESH CYCLE 


Notes: WE, OE, AO ~ A8 = Don't Care 





HIDDEN REFRESH READ CYCLE 


IRcS 'RRH 


navess tT me (come CTA EERETETETTTLETIETT 


'RAL 


a TTT te, | NTT 


= TTT ITTTTTTTTTTLL 


tOFF 


t 


Von - iat 
DQ .OH Ys Valid Data-out 


VOL — 


V7) Don’t Care 
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= DYNAMIC RAM-MSC2330A-xxYS4/KS4 = 


HIDDEN REFRESH WRITE CYCLE 





es, Don't Care 











OKI semiconductor 
MSC2313A-xxYS8/KS8 


1,048,576 Word BY 8 Bit DYNAMIC RAM MODULE : FAST PAGE MODE TYPE 





GENERAL DESCRIPTION 


The Oki MSC2313A-xxYS8/KS8 is a fully decoded, 1,048,576 word < 8 bit CMOS dynamic random 
access memory composed of eight iMb DRAMs in SOJ (MSM511000AUS). The mounting of eight SOJs 
together with eight 0.2 ~F decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package 
supports any application where high density and large capacity of storage memory are required. The 
electrical characteristics of the MSC2313A-xxYS8/KS8 are same as the original MSM511000AJS; each 
timing requirements are noncritical, and power supply tolerance is very wide. 


FEATURES 


@ 1,048,576 word x 8 bit organization 
@ 30-Pin Socket Insertable Module 


@ Family organization 

Cycle Time Power Dissipation 

(MIN) [parang (MAX)] Standby (MAX) 
MSC2GIGA-7OYS8/KSE 
MSC2SISA-B0YS8/KS8 | _80ns | 40ns_| 20ns | 160ns_| _S900MW ce 
MSC2SI3A-10YS8/KS8 | 100ns | Ons | 26s | 190ns | _2860mW 


Single + 5V supply, +10% tolerance 

Input : TTL compatible 

Output : TTL compatible, tristate, nonlatch 
Refresh : 512 cycles/8 ms 


Family 


FUNCTIONAL BLOCK DIAGRAM 
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= DYNAMIC RAM-MSC2313A-xxYS8/KS8 = 


PIN CONFIGURATION 


MSC2313A-xxKS8 


PIN No. PIN NAME PIN No. PIN NAME 


OOMON OA RWNH 


—s 





ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative to Vss V 
Voltage on Vcc supply relative to Vss ar Ss Ah, 

Operating temperature Topr 
Storage temperature 
Power dissipation | Pm fo 
Short circuit output current tos | mA 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. F u nctional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


=i/oa}o| < 
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= DYNAMIC RAM-MSC2313A-xxYS8/KSS8 = 


RECOMMENDED OPERATING CONDITIONS (Reterenced to Vss) 


Operating 
temperature 
0°;C ~ +70°C 


Parameter Symbol Typ. 


a 
” 


Vcc 
Supply Voltage 


Input High Voltage, 


all inputs VIH 

Input Low Voltage, 

all inputs VIL 
DC CHARACTERISTICS 


(VCC =5V+10%, Ta=0~ +70°C) 


es MSC2313A- | MSC2313A- | MSC2313A- 
m a3 70YS8/KS8 | 80YS8/KS8 | 10YS8/KS8 
Parameter y Condition / / / Unit | Note 


Pe Min, Max. Min, JMax.|Min, Max: 
OV<Vin <6.5V : 
Input Leakage Current L! |All other pins KA 
not under test=OV 
t is disabl 


Average power supply current RAS cycling, 
A li 
(Operating) Icc1|CAS cycling, 680 mA | 1, 2 


Power supply current 
(Standby) 
Average power supply current 


Note : 1. loc in dependent on out put loading and cycle rates. 
Specified value are obtained with the output open. 
2. Address can be changed once or less while RAS=Vj.. 


3. Address can be changed once or less while CAS=Vjp. 











Output high voltage 


Output low voltage 


< < 
BEE 


EF 

rm 

a 
> 


Average power supply current 
(RAS only refresh) 


Average power supply current 
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= DYNAMIC RAM-MSC2313A-xxYS8/KSS8 = 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Parameter Typ. ~ Max. — Unit 
Input Capacitance (RAS, CAS, WE) Cin2 pF 


Data Input/Output 


Capacitance measured with Boonton Meter. 


= DYNAMIC RAM-MSC2313A-xxYS8/KS8 = 


AC CHARACTERISTICS 


(Voc = 5V + 10%, Ta = 0 ~ +70°C) Note 1, 2, 3 
MSC2313A- | MSC2313A- 
Parameter Symbol 7OYS8/KS8 | 80YS8/KS8 


MSC2313A- 
10YS8/KS8 | Unit | Note 


ome MAX | MIN: MAX MIN, MAX 
Refresh period ‘ter | -|8|- | 8 |-| 8 [ms 
Random read or write cycle time ‘tac | 140| - | 160] — | 190] — | 
Fast page mode cycle time tee =| 45 | — | 50] - | 55] — | ns 
Access time from RAS /trac | — | 70] — | 80} - | 100] ns 4,5, 6 
Access time from CAS ftcac | — | 20] — | 20] — | 25 | ns | 4.5 
Access time from column address jtaa | — | 35] - | 40] - | 50 | ns 4,6 
Access time from CAS precharge ftopa | - | 40} - | 45 | — | 50] ns 4 
Output low impedance time from CAS ftaz |o|-]o ]-j|o]-|ns 4 
Output buffer turn-off delay }tore | 0 | 20] 0 | 20] 0 | 20] ns” 
Transition time ‘tr | 3 | 50] 3 | 50] 3 | 50] ns 3 
RAS precharge time ftp | 60] — | 70| — | 80] — | ns 
RAS pulse width 10K | 80 | 10K | 100 | 10K | ns | 
is aes sear cycle only) ior 20 er 120 foo] ns 
FAS od tine fren [| — [a] — [2] — [ow 
CAs roche Ae oy = [toe ft | - |] =] 0] - [oe 
CAS pulse width 10K 10K 10K pins 
CAS ol tie Pes | 70[ = [eo | = [0 = [os 
RAS to GAS delay time rtrco | 22 | so | 22] eo] 25 |75|ns| 
RAS to column address delay time ‘trap | 17 | 35 | 17 | 40 | 20 | 50] ns 6 
CAS to RAS precharge time ‘tere | 10] - | 10 | - | 10 | — | ns | 
Row address set-up time ftssk | o | - | 0] - |] 0 | - | 8] 
Row address hold time tran | 12] - | 2] - | 18 | — | ns | 
Column address set-up time ltsc | 0 | - | 0 | - | o | — | ns 
Column address hold time ftcan | 15] - | 15 | - | 20] - | ns | 
Column address hold time from RAS tar )55| - | 60] - | 75] — | ns | 
Column address to RAS lead time tra, | 36 | — | 40] — | 50| — | ns 
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=» DYNAMIC RAM-MSC2313A-xxYS8/KS8 = 





AC CHARACTERISTICS (Continued) 


Read command set-up time 

Read command hold time 

Write command hold time from RAS 
Write command se-up time 


Write comman hold time 


CAS active delay from RAS precharge | tRPC 
CAS precharge time | tCPN 


MSC2313A- | MSC2313A- | MSC2313A- 
Symbol | 70YS8/KS8 | 80YS8/KSS | 10YS8/KS8 | Unit | Note 
nana ao 


Parameter 


zigigz 


awh. ook oh, aah, 


= 
7) 


Wd 


as 

Write command pulse width p )- {18 | - | 20) = | ns | 
Data-in set-up time tps )-|[o}]-]o] - | ns | 
Data-in hold time tDH )- | 15] - | 20] - | vs | 
Data-in hold time from RAS } = [60] — | 75] - | ns 
Read command hold time )=] 1] - | 1] - | oe ; 
referenced to RAS 
as ttre RS a i bed bla 
(CAS before RAS) 
Scam fee [*[-[=[-[=[-[ 

ppc | 10 | = | 

[topn | 10 | = | 


Notes: 


1 


An initial pause of 100 us is required after power-up followed by any 8 RAS cycles 
(Example : RAS only refresh cycle) before proper device operation is achieved. 
The AC characteristics assume at ty = 5ns. | 


Vint (min.) and Vi, (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vip and Vj_,. 


Measured with a load circuit equivalent to 2TTL loads and 100pF. 


Operation within the tacp (max.) limit insures that tRac (max.) can be met. taco (max.) 
is specified as a reference point only: if tacp is greater than the specified tacp (max.) 
limit, then access time is controlled exclusively by tc ac. 


Operation within the trap (max.) limit insures that trac (max.) can be met. trap (max.) 
is specified as a reference point only; if taap is greater than the specified taap (max.) 
limit, then access time is controlled exclusively by tag. 


Either tRRH or tRCH must be satisfied for a read cycle. 


READ CYCLE 


= DYNAMIC RAM-MSC2313A-xxYS8/KS8 = 
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= DYNAMIC RAM-MSC2313A-xxYS8/KSS& = 


FAST PAGE MODE READ CYCLE 


some TI ros YO k= KUL 


taRH 


trad 


| tracs tRCH 


1/111) rn WZ 











FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


Sy Bee KR co C= KL 


ae 
twes two ‘twes twcu twcs twcH 


ve Yn mnt Se Ao 


Vit - 


tos tou 


00 TTT LL TTT aan KR vaca KI vaoae 7/77/77] 


Il ~ 


Don't care 
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= DYNAMIC RAM-MSC2313A-xxYS8/KS8 = 


RAS ONLY REFRESH CYCLE 


'cRP 


tasSR tRAH 


ee A RY LT 


/ 
Don't care 





NOTE: WE =Don'tcare, 


CAS BEFORE RAS AUTO REFRESH CYCLE 


trac 
'RP 
tRAS 
perenne, | eee 
RAS _/H 
Vit — 
tCPN tCHR 
—- V _ 
CAS IH 
Vit — 
OFF 
VOH - 
0a > OPEN 
VOL - 


Y Don't care 


NOTE: WE =Don't care, AO ~ A9 = Don’t care 
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= DYNAMIC RAM-MSC2313A-xxYS8/KS8 = 


HIDDEN REFRESH READ CYCLE 


tasr tRAH tasc | tcaH 


wt LDA, te SLR _ ote LLL LL LLL. 


= TT | EEE. 
t = | torr 


RAC 
|, 
Vot - 
tcLz 





HIDDEN REFRESH WRITE CYCLE 
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MSC2358-xxKS2 








1,048,576 Word x 8 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE 


GENERAL DESCRIPTION 


The Oki MSC2358-xxKS2 is a fully decoded, 1,048,576 word by 8 bit CMOS dynamic random access 
memory composed of two 4Mb DRAMs in SOJ (MSM514400JS). The mounting of two SOJs together 
with two 0.2 wF decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package supports any 
application where high density and large capacity of storage memory are required. The electrical — 
Characteristics of the MSC2358-xxKS2 are same as the original MSM514400JS; each timing require- 
ments are noncritical, and power supply tolerance is very wide. 


FEATURES 


¢ 1,048,576 word x 8 bit organization 
¢  30-Pin Socket Insertable Module 
e Family organization 


Access Time 
Family (MAX) Cycle Time 
Operating Standby 


MIN 
RAC a i oes (MAX) (MAX) 


MSC2358-80KS2 40 ns 160 ns 990 mW 
11mWwW 


¢ Single +5V supply, +10% tolerance 

e« Input : TTL compatible 

¢ Output : TTL compatible, tristate, nonlatch 

e Refresh: 1024 cycles/16 ms 

- CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability 
¢ Multi-bit test mode capability 


Power Dissipation 
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= DYNAMIC RAM-MSC2358-xx KS2 = 


FUNCTIONAL BLOCK DIAGRAM 





PIN CONFIGURATION 


MSC2358-xxKS2 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


—_, 
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9 Bit Series ZY 





OKI semiconductor 
MSC2329-xxYS3/KS3 


262,144 Word BY 9 Bit DYNAMIC RAM MODULE : PAGE MODE TYPE 








GENERAL DESCRIPTION 


The Oki MSC2329-xxYS3/KS3 is a fully decoded, 262,144 word x 9 bit dynamic random access 
memory composed of two 1 Mb DRAMs in SOJ(MSM514256AJUS) and one 256Kb DRAM in PLCC 
(MSM41256AJS). The mounting of two SOJs and one PLCC together with three 0.2 «uF decoupling 
capacitors on a 30 pin glass epoxy Single-In-Line Package supports any application where high density 
and large capacity of storage memory are required. The electrical characteristics of the MSC2329- 
xxYS3/KS3 are same as the original MSM41256AUS; each timing requirements are noncritical, and power 
supply tolerance is very wide. 


FEATURES 


@ 262,144 word < 9 bit organization 
@ 30-Pin Socket Insertable Module 
@ Family organization 


Access Time (MAX) Cycle Time Power Dissipation 
Family 
tRAC (MIN) | Oparating (MAX) |Standby (MAX) 
MSC2S20-10YS3/KS3|__100ns__| _60ns__ | _—200ns_—*| = teBmW [| 
MSC2320-12YS3/KS3|__120ns__| _60ns__| _220ns__—-| _107amW 


Single + 5V supply, +10% tolerance 

Input : TTL compatible 

Output : TTL compatible, tristate, nonlatch 

Refresh : 512 cycles/8 ms 

Common CAS Control for eight Common Data-in and Data-Out Lines 
Separate CAS Control for One Separate Pair of Data-in and Data-Out Lines 


FUNCTIONAL BLOCK DIAGRAM 


Cam en 
RAS 
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75 





= DYNAMIC RAM:-MSC2329-xxYS3/KS3 = 


PIN CONFIGURATION 


MSC2329-xxYS3 


PIN No. 


OOMOOANOOAAWND = 


—_ 





ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative to Vss V 
Voltage on Vcc supply relative to Vss 
Operating temperature 0 ~ 70 

Storage temperature 
Short circuit output current los mA 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


=Z=i/o;a/|< 
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= DYNAMIC RAM-MSC2329-xxYS3/KS3 = 


RECOMMENDED OPERATING CONDITIONS (Reterenced to Vss) 


Operatin 
Supply Voltage 


Input High Voltage, V ‘4 OC ~ +70°C 
all inputs IH 2. 6.5 Vv 

Input Low Voltage, Vv 

all inputs IL 


DC CHARACTERISTICS 
(VoC=5V+10%, Ta=0~ +70°C) 


MSC2329- MSC2329- 
oe 10YS3/KS3 | 12YS3/KS3 ‘ 
“ren Pain | Max Mn [ Mae a 


OV<ViIN <6.5V : 
Input Leakage Current IL! | All other pins —30} 30 | —30/ 30 | “vA 
not under test=OV 


Output Leakage Current ILO ee ay 


Output high voltage 
Output low voltage lo 


Average power supply current Ic 
(Operating) 
Power supply current RAS= cans 


< 
a i 
Hn) 


Parameter 







Average power supply current 
(RAS only refresh) 


Average power supply current 
(CAS before RAS refresh) 


Average power supply current 
(Fast page mode) 





Note : 1. Icc in dependent on out put loading and cycle rates. 
Specified value are obtained with the output open. 
2. Address can be changed once or less while RAS=Vj.__ 


3. Address can be changed once or less while CAS=Vjp. 
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=» DYNAMIC RAM-MSC2329-xxYS3/KS3 = 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 
Parameter | Symbol | Max. Unit 
Input Capacitance (AO —A8) pF 
Input Capacitance (RAS, CAS, WE) pF 
enw co | |e 
Input Capacitance (CAS8) | ons f 10 pF 
Input Capacitance (D8) | ong f 10 pF 
Output Capacianée (Q8) pF 


Capacitance measured with Boonton Meter. 
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- = DYNAMIC RAM-MSC2329-xxYS3/KS3 = 


AC CHARACTERISTICS 


CAS to RAS set-up time 
Row address set-up time taSR 
Row address hold time 


Column address set-up time tasc 


ef Oo 
de ieelee 


Column address hold time tCAH 


(Vcc = 5V + 10%, Ta = 0 ~ +70°C Note 1, 2, 3 
Parameter 10YS3/KS3 12YS3/KS3_| Unit | Note 
Se Sel 
Rosh pa ee [= +] - | 4 [mo 
Random read or write cycle time tRC | 200 | — | 220 | - | ns | 
Page mode cycle time tPC 100 | - | 120 | - | ns 
Access time from RAS tRAC | = | 100 | — | 120 | ns 4,5 
Access time from CAS ftcac =| — | 50 | — | 60 | ns | 4.5 
Output buffer turn-off delay ftorr | 0 | 30 | 0 | 30 | ns | 
Transition time tr = | 3 | 50 | 3 | 50 | ns| 3 
FAS cha tine we | |p] - fw 
RAS pulse width tRAS | 100 | 10K | 120 | 10K | ns 
FAS hl tn fron | | - | - [mw 
eho aprici we | | - | | - foe 
CAS pulse width teas | 50 | 10K | 60 | 10K | ns | 
CAS hold time tesH | 100 | — | 120 | - | ns | 
RAS to CAS delay time | tRCD | 25 | 50 | 25 | 60 | ns | 5 
2% | - | | - |e) 
od ee 
[| Ae ee) 
(2 0 | een 
2 | - | 2% | = |e 
eee 


Column address hold time from RAS 


> 
By 
ai 
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= DYNAMIC RAM-MSC2329-xxYS3/KS3 # 





AC CHARACTERISTICS (Continued) 


Read command set-up time 


Lae | ee | | 


MSC2329- MSC2329- 
Parameter Symbol 10YS3/KS3_ 12YS3/KS3 Unit | Note 
tes | o | - | o | - || 


oad corer el tie mon fo |-]o]- me 


Write command hold time from RAS tWCR | 75 | - | 90 | 
Write command set-up time ‘twos | 0 | - | 0 
Write command hold time | tWCH | 20 | - | 20 
Write command pulse width ‘twe | 20 | — | 20 | 
Date-in set-up time tps po | - | o | 
Data-in hold time 20 | 
Data-in hold time from RAS 


Read command hold time t 
referenced to RAS RRH 
RAS to CAS set-up time ' 
(CAS before RAS) FCS 
RAS to CAS hold time t 
(CAS before RAS FCH 


CAS precharge time ' 
(CAS before RAS) CPR 
CAS active delay from RAS 

tRPC 


precharge 


Notes: 


80 


1 


2 
3 


NO 
els 
©) 


An initial pause of 100 us is required after power-up followed by any 8 RAS cycles 
(Example : RAS only refresh cycle) before proper device operation is acieved. 

The AC characteristics assume at ty = 5 ns. 

Vin (min.) and Vi, (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vip} and Vjc. 

Measured with a load circuit equivalent to 2 TTL loads and 100pF 

Operation within the tacp (max.) limit insures that trac (max.) can be met. tacp (max.) 


is specified as a reference point only: if tacp is greater than the specified tacp (max.) 
limit, then access time is controlled exclusively by tcac. 


Either taRH or tRcH must be satisfied for a read cycle. 





= DYNAMIC RAM-MSC2329-xxYS3/KS3 = 


READ CYCLE 


A 
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RRH | 


We — wy 
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= DYNAMIC RAM-MSC2329-xxYS3/KS3 = 


PAGE MODE READ CYCLE 


tRAS. tap 


ZAS Vi ~ 
=e VIL 


CAS8 





wawws ZR om Kc Kc Kc V/V 


es 
7 1M WZ 


TTF 





y Valid VT Vaid 
UX cate PW ora.) 
| torr x torr 


ee 


0a 
Qs VoL - 


cS 
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= DYNAMIC RAM:-MSC2329-xxYS3/KSS3 = 


RAS ONLY REFRESH CYCLE 


GAS VIH ~ 


ye 
CAse tt 


TASR tRAH 


nce TM 8" MLL LLL 


[FJ Don’t care 


NOTE: WE =Don'tcare 


CAS BEFORE RAS AUTO REFRESH CYCLE 


tec 
'RP 
tRAS 
—— Vi — 
RAS 
tCPR tFCH 
GAS ViH — 
o—— Vi_L — 
CAS8 
‘OFF 
VOH a 
0a > OPEN 
Qs VOL - 


Don't care 


NOTE : WE=Don't care, AO~A8=Don't care 
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= DYNAMIC RAM-MSC2329-xxYS3/KS3 = 


HIDDEN REFRESH READ CYCLE 











OKI semiconductor 
MSC2316-xxYS9 


262,144 BY 9 BIT DYNAMIC RAM MODULE : FAST PAGE MODE TYPE 


GENERAL DESCRIPTION 


The Oki MSC2316-xxYS9 is a fully decoded, 262,144 word x 9 bit CMOS dynamic random access 
memory composed of nine 256K DRAMs in plastic leaded chip carrier (MSM51C256JS). The mounting 
of nine PLCCs together with nine 0.2uF decoupling capacitors on a 30 pin glass epoxy Single-in-Line 
Package supports any application where high density and large capacity of storage memory are 
required. The electrical characteristics of , the MSC2316-xxYS9 are same as the original MSM51C256JS; 
each timing requirements are noncritical, and power supply tolerance is very wide. 


FEATURES 


@ 262,144 word x 9 bit organization 
@ 30-Pin Socket Insertable Module 
@ Family organization 


Family Cycle Time Power Dissipation 
(MIN) | Operating (MAX [Stanaby (MAX 
MSC2316-10YS9 2475mw__|_ (MOS level) 


Single + 5V supply, +10% tolerance 

Input : TTL compatible 

Output : TTL compatible, tristate, nonlatch 

Refresh : 256 cycles/4 ms 

Common CAS control for eight common Data-in and Data-out lines. 
Separate CAS control for one separate pair of Data-in and Data-out lines. 
Fast Page Mode capability 


FUNCTIONAL BLOCK DIAGRAM 
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m= DYNAMIC RAM: MSC2316-xxYS9 = 


PIN CONFIGURATION 


MSC2316-xxYS9 


PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


el 





ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative to Vss VIN, VOUT V 


Storage temperature —40 ~ 125 


0 


= 


Short circuit output current mA 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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—= DYNAMIC RAM-MSC2316-xxYS9 = 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 


Input High Voltage, 
all inputs VIH 


Input Low Voltage, 
all inputs Vit 


< 
Q 
?) 

a5 

) 


DC CHARACTERISTICS 
(Vcc =5V+10%, Ta=0~ +70°C) 


MSC2316- | MSC2316- 
80YS9 10YS9 : 
Unit | Note 


Parameter Symbol Condition 


OVSVINSVCC+T1V 
All other pins not 
under test =OV 


Input Leakage Current 


DAta out is disable 
OV<VoUT <5.5V 


Output high voltage VOH loH= —5.0mA ; 


Output low voltage VoL | loL=4.2mA 


Output Leakage Current ILO 











S cycling, 





we) 
aN 


Average power supply current oe 
(Operating) Icct oa cycling, 
RAS=V 
Power supply current ' CAS mas 31.5 
(Standby) CC2 , 


W © 


S 
> 


=VIH 


Average power supply current Eve eyeing, 
(RAS only refresh) Icc3 | CAS, CAS8=ViH 





oo 
NO 


tRC=min 


Average power supply current 


(CAS before RAS refresh) tRC=min. 


Iccé 








Average power supply current ub 
(Fast page mode) Icc7 | CAS, CAS8 cycling 


= 
@ 


tpc=min. 


Note* : 1. Icc in dependent on out put loading and cycle rates. 
Specified value are obtained with the output open. 
2. Address can be changed once or less while RAS=Vj,__ 


3. Address can be changed once or less while CAS=Vjp. 
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= DYNAMIC RAM-MSC2316-xxYS9 «= 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Parameter 


Input Capacitance (AO —A8) 


Data Input/Output 
Capacitance (DQ0—DQ7) 


Input Capacitance (CAS8) 
Input Capacitance (D8) 


Output Capacitance (Q8) | 
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= DYNAMIC RAM-MSC2316-xxYS9 = 





AC CHARACTERISTICS 
(Vcc = 5V + 10%, Ta = 0 ~ +70°C) Note 1, 2, 3 


ne ae 
Parameter Symbol 80YS9 10YS9 Unit | Note 
ae 
Rosh pr reer [= [4+ [=| + [os 
Random read or write cycle time /trc | 160 | - | 190 | - | ns | 
Fast page mode cycle time ftpo = | 85 | - | 55 | - | ns | 
Access time from FAS irae | - | | — | 100 | me [ase 
Access time from GAS cas | - |] — | | | as 
Access time from column address twa =| - | 40] - | 50 | ns | 4,6 
Access time from CAS precharge }topa | - | 45 | - | 50 | ns | 4 
Output low impedance time from CAS ftaz | 0 | - | 0 | - | ns | 4 
Output buffer turn-off delay jtorr | 0 | 20 | 0 | 30 | ns | 
Transition time ‘tr | 3 | 50 | 3 | 50 | ns | 3 
RAS precharge time fee ie) = eo = | 
FAS od ron [| - [a] fo 
atin ahi wo fo] - |] - [me 
CS od resn [| = | wo | 


RAS to CAS delay time tRCD 2 | 60 | 25 | 75 | 5 
RAS to column address delay time tRAD 17 6 


CAS to RAS precharge time tCRP 


trop | 22 
tore | 10 
Row address set-up time ftasR | 0 
Row address hold time tRAH 
toa | 18 


_ Column address set-up time taSC 
Column address hold time tCAH 
Column address hold time from RAS taR 


Column address to RAS lead time tRAL 
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= DYNAMIC RAM-MSC2316-xxYS9 = 


AC CHARACTERISTICS (Continued) 


MSC2316- 
80YS9 


MSC2316- 


10YS9 


Parameter Symbol Unit Note 


Read command set-up tRCS 

Read command hold time 7 
Write command hold time from RAS 

Write command set-up time 

Write command hold time tWCH 

Write command pulse width 

Data-in set-up time 

Data-in hold time 

Data-in hold time from RAS tDHR 

Read command hold time 7 


referenced to RAS 


RAS to CAS set-up time ; 
(CAS before RAS) CSR 


RAS to CAS hold time 
(CAS before RAS) 


CAS active delay from RAS precharge tRPC 
CAS precharge time tCPN 


Notes: 


90 


GO 


ooh, = os —d, wed, wh ed 
<= 
> 
~x< 


tCHR 


—b Ww “J N N 

© oO oO oO on 
< 
> 
~x< 


An initial pause of 100 us is required after power-up followed by any 8 RAS cycles 
(Example : RAS only refresh cycle) before proper device operation is achieved. 


The AC characteristics assume at ty = 5 ns. 


Vin (min.) and Viz (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vj}; and Vj,. 


Measured with a load circuit equivalent to 2TTL loads and 100 pF. 


Operation within the taco (max.) limit insures that tRAC (max.) can be met. tacp (max.) 
is specified as a reference point only: if tacp is greater than the specified taco (max.) 
limit, then access time is controlled exclusively by tcac. 


| Operation within the tp Apimax.) limit insures that trac (max.) can be met. trap (max.) is 


specified as a reference point only; if trap is greater than the specified tRap (max.) limit, 
then access time is controlled exclusively by tan 


Either tary, or tRcH Must be satisfied for a read cycle. 


= DYNAMIC RAM-MSC2316-xxYS9 = 


READ CYCLE 
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WRITE CYCLE (EARLY WRITE) 
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= DYNAMIC RAM-MSC2316-xxYS9 = 


FAST PAGE MODE READ CYCLE 


trp 


tRAS 


ae Vi 
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tcrpe 


CA 


ese i MLLLLL. 


tRRH 


= ca — 


GAS aa 
cass (tt 
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“FS ie tRCH 
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tCLz 
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= DYNAMIC RAM-MSC2316-xxYS9 = 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


tras tap 


tpc 
as — a saa reine 
i im: wae 
eerie 


ae a 





to 
tWcrR 
ane real “= | tWCH “ee tWCH 


mt TTITIN LP OP YZ 
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= DYNAMIC RAM-MSC2316-xxYS9 = 


RAS ONLY REFRESH CYCLE 


CLR KILLLLLLLLLILLLLLLLL&@LLLA&LLLLLL_ 


Don't care 


NOTE: WE =Don't care, AS = Don't care 





CAS BEFORE RAS AUTO REFRESH CYCLE 


V/A, Don't care 





NOTE: WE =Don't care, AO ~A8&=Don't care 
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‘= DYNAMIC RAM-MSC2316-xxYS9 = 


HIDDEN REFRESH READ CYCLE 
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HIDDEN REFRESH WRITE CYCLE 
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OKI semiconductor 
MSC2331A-xxYS3/KS3 


262,144 Word BY 9 Bit DYNAMIC RAM MODULE : FAST PAGE MODE TYPE 








GENERAL DESCRIPTION 


The Oki MSC2331A-xxYS3/KS3 is a fully decoded, 262,144 word x 9 bit CMOS dynamic random 
access memory composed of two 1 Mb DRAMs in SOJ (MSM514256AJS) and one 256Kb DRAM in PLCC 
(MSM51C256JS). The mounting of two SOJs and one PLCC together with three 0.2 «uF decoupling 
capacitors on a 30 pin glass epoxy Single-in-Line Package supports any application where high density 
and large capacity of storage memory are required. The electrical characteristics of the MSC2331A- 
xxYS3/KS3 are same as the original MSM514256AJS; each timing requirements are noncritical, ‘and 
power supply tolerance is very wide. 


FEATURES 


@® 262,144 word x 9 bit organization 
@ 30-Pin Socket Insertable Module 
@ Family organization 


Famil Access Time (MAX) Cycle Time Power Dissipation 
ami 
: tCAC (MIN) | Oparating (MAX) |Standby (MAX) 


Single + 5V supply, +10% tolerance 

Input : TTL compatible 

Output : TTL compatible, tristate, nonlatch 

Refresh : 512 cycles/8 ms 

Common CAS control for eight common Data-in and Data-out lines. 
Separate CAS control for one separate pair of Data-in and Data-out lines. 


FUNCTIONAL BLOCK DIAGRAM 
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= DYNAMIC RAM-MSC2331A-xxYS3/KS3 = 


PIN CONFIGURATION 


MSC2331A-xxYS3 


{ 
2 
3 
4 
5 
6 
7 
8 
9 
0 


_ 





ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative to Vss V 

Voltage on Vcc supply relative to Vss Vcc V 

Operating temperature °C 

Storage temperature °C 

Power dissipation Pf W 
os 


Short circuit output current 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. F U netional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to | 
absolute maximum rating conditions for extended periods may affect device reliability. 
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= DYNAMIC RAM-MSC2331A-xxYS3/KS3 = 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 


Operatin 
Supply Voltage 
pss | 0 
0°;c ~ +70°C 


Input High Voltage, 
all inputs 


input Low Voltage, 
all inputs 


DC CHARACTERISTICS 
(VCC=5V+10%, Ta=O~ +70°C) © 


MSC2331A- | MSC2331A- 
OYS3/KS3 | 10YS3/KS3 : 
: ss fe Unit | Note 


Parameter Symbol Condition 


OV<Vin <6.5V : 


Input Leakage Current All other pins 


not under test=OV 








's disab| 
Output Leakage Current ILO ea es SEV : 


Average power supply current , 
(Operating) 


Power supply current 
(Standby) 


Output high voltage VOH 


Output low voltage VOL 


Average power supply current 
(RAS only refresh) 


Average power supply current 






ICCc6 


(CAS before RAS refresh) 


Average power supply current I 
(Fast page mode) 





(@) 
Ears 

“J 
Q 
3 
QO 
© 
Q 
< 
eo} 
3 
© 


Note: 1. !cc in dependent on out put loading and cycle rates. 
Specified value are obtained with the output open. 
2. Address can be changed once or less while RAS=Vj,_. 


3. Address can be changed once or less while CAS= Vip. 
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= DYNAMIC RAM:-MSC2331A-xxYS3/KS3 = 





CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Parameter | Symbol] Max. Unit 
Input Capacitance (AO — A8) pF 
Input Capacitance (RAS, CAS, WE) pF 
ae - 
Input Capacitance (CAS8) | ong | pF 
Input Capacitance (D8) | one | pF 
Output Capacitance (Q8) | cour | 8 pF 


Capacitance measured with Boonton Meter. 
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= DYNAMIC RAM-MSC2331A-xxYS3/KS3 # 


AC CHARACTERISTICS 
(Voc = 5V + 10%, Ta = 0 ~ +70°C) Note 1, 2, 3 


Parameter et KS3 | 10YS3/KS3 | Unit | Note 
ie 
Rosh pa reece ea ee 
Random read or write cycle time fire = | 160 | - | 1900 | - | ns 
Fast page mode cycle time ftec =| 80 | - | 55 | - | ns | 
Access time from FAS mac | - | © | = | 00 | me lace 
Access time from CAS ptcac =| - | 20 | - | 25 | ns 4.5 
Access time from column address tara =| - | 40 | — | 50 | ns | 4,6 
Access time from CAS precharge ptcpa «| - | 45 | - | 50 | ns 4 
Output low impedance time from CAS ftaz | o | - | o | — | ns 4 
Output buffer turn-off delay itor | 0 | 20 | 0 | 20 | ns 
Transition time ft = | 3 | 50 | 3 | 50 | ns 3 
FAS recharge tn pe [re [Po [=f 
RAS pulse width | tras | 80 | 10K | 100 2 
i co sa cycle only) Co el be qOON 


RAS hold time tRSH 20 


CAS precharge time 
(Fast page mode cycle only) 


CAS pulse width tCAS 
CAS hold time tCSH 


N 
N 


RAS to CAS delay time tRCD 


oO; on 


RAS to column address delay time tRAD 
CAS to RAS precharge time tCRP 


Row address set-up time taSR 


—_, 
“J 


_h 
NO 


Row address hold time tRAH 
Column address set-up time taSC 


Column address hold time | tCAH 


oh NO NN — —k 


Column address hold time from RAS 


> 
D 


° 


Be 
oi 


Column address to RAS lead time tRAL 
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= DYNAMIC RAM-MSC2331A-xxYS3/KS3 = 


AC CHARACTERISTICS (Continued) 


MSC2331A- 
80YS3/KS3 


MSC2331A- 
10YS3/KS3 


” 


Parameter Symbol Unit Note 


Read command set-up 
-Read command hold time 7 
Write command hold time from RAS 

Write command set-up time 

Write command hold time 

Write command pulse width 

Data-in set-up time tos 

Data-in hold time t 5 

Data-in hold time from RAS tDHR 

Read command hold time tary 7 


referenced to RAS 
RAS to CAS set-up time 
(CAS before RAS) 


RAS to CAS hold time : 
(CAS before RAS) CHR 


tCSR 


CAS active delay from RAS precharge tRPC 


O 
a 
sls] ¢/ | s|ejsle/ajsje/sloje/s 
< 
> 
x< 
a |= | =~ |~/ nN “NI 
als] ¢/ s/s jalele/sle/elajelols 
<= 
> 
x< 


CAS precharge time tCPN 


Notes: 1. Ahn initial pause of 100us is required after power-up followed by any 8 RAS cycles 
(Example : RAS only Refresh cycle) before proper device operation is achieved. 


2 The AC characteristics assume attyT =5ns. 

3 Vip (min.) and Vi, (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vi} and Vit. 

4 Measured with a load circuit equivalent to 2TTL loads and 100 pF. 


5 Operation within the tacp (max.) limit insures that tRac (max.) can be met. tRcp (max,) 
is specified as a reference point only: if tacp is greater than the specified tRcp (max.) 
limit, then access time is controlled exclusively by tc ac. 

6 Operation within the taap (max.) limit insures that trac (max.) can be met. trap (max.) 
is specified as a reference point only; if tRap is greater than the specified trap (max.) 
limit, then access time is controlled exclusively by tga. 


7 Either tapy or tRCH must be satisfied for a read cycle. 
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= DYNAMIC RAM- MSC2331A-xxYS3/KS3 = 


READ CYCLE 





tac 
tap 

nae tRAS : 

Vit 2 
tcrp taco tasy tcRP 
_ a + tcas 
Gas “IH 
azag Vit - 
CAS8 
tRAL 


DA =O = eae 





tacs taRH |_| 


MMM RUZ 








Don't care 
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= DYNAMIC RAM-MSC2331A-xxYS3/KS3 = 


FAST PAGE MODE READ CYCLE 


J a Pt t a * 


ok Sie. 
taSR 
WX co | ( 


Address aes yy 


=a 


etl]: maar 


trap tRRH 


aie 


TT “ee rat a 
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pa ame 
a a 1 toFF | tore 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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a pony 
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| [tow 


a al ‘= twou wey swcH 
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tos tou: 
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= DYNAMIC RAM-MSC2331A-xxYS3/KS3 = 


RAS ONLY REFRESH CYCLE 


GAS vi 
CAss = 'L — 


tasR tRAH 


acon 8" MILLIE LILLIE LL LL 


VOH -- 


i/ 
Don't care 





NOTE: WE =Don'tcare. 


‘CAS BEFORE RAS AUTO REFRESH CYCLE 


tRAS 


— VY a 
RAS —!H 
Vit + 


tCPN tCHR 
CAS Vin ~ 
axes VIL — 
CAS8 
tOFF 
VOH = 
oa " OPEN 
as VOL - 


Don't care 


NOTE : WE=Don't care, AO ~ A8=Don't care 
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= DYNAMIC RAM-MSC2331A-xxYS3/KS3 = 
HIDDEN REFRESH READ CYCLE 


Vv = 
RAS IH 
Vit = 
CRP taco 'RSH 
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Gas VIH 
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tRAL 
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| (RAH tasc | 'can 
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te LM 8 SRA come OL LLLLLLLLLLLLL. 
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HIDDEN REFRESH WRITE CYCLE 
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OK I semiconductor 
MSC2312A-xxYS9/KS9 


1,048,576 Word BY 9 Bit DYNAMIC RAM MODULE : FAST PAGE MODE TYPE 





GENERAL DESCRIPTION 


The Oki MSC2312A-xxYS9/KS9 is a fully decoded, 1,048,576 word x 9 bit CMOS dynamic random 
access memory composed of nine iMb DRAMs in SOJ (MSM511000AUJS). The mounting of nine SOJs 
together with nine 0.2 «F decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package 
supports any application where high density and large capacity of storage memory are required. The 
electrical characteristics of the MSC2312A-xxYS9/KS9 are same as the original MSM511000AJS; each 
timing requirements are noncritical, and power supply tolerance is very wide. 


FEATURES 


@ 1,048,576 word X< 9 bit organization 
@ 30-Pin Socket Insertable Module 
@ Family organization 


Family Cycle Time Power Dissipation 
(MIN) _|Oparating (MAX)]Standby (MAX) 
MSC2312A-70YS9/KSO 
MSC2312A-80YS9/KS9| _80ns_| 40ns | 20ns | 160ns_| a7tomW | for 
MSC2312A-10YS9/KS8| 100ns | 60ns | 26ns | 100ns | _S216mW_| 


Single + 5V supply, +10% tolerance 

Input : TTL compatible 

Output : TTL compatible, tristate, nonlatch 

Refresh : 512 cycles/8 ms 

Common CAS Control for eight Common Data-in and Data-Out Lines 
Separate CAS Control for One Separate Pair of Data-in and Data-Out Lines 


FUNCTIONAL BLOCK DIAGRAM 
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MSC2312A-xxKS9 


1 

2 
3 
4 
5 
6 
7 
8 
9 
0 


C7 





ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative to Vss V 

Voltage on Vcc supply relative to Vss 
Operating temperature : 
Storage temperature : 
Short circuit output current a mA 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


Qa;a|]< 


= 
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= DYNAMIC RAM-MSC2312A-xxYS9/KS9 = 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 


Operating 
| vec | 4s | so | ss | ov 
Supply Voltage 
evs | o | o | o | v 
input High Voltage, y V Cg ae 
all inputs IH 
Input Low Voltage, 


DC CHARACTERISTICS 
Voc=5V+10%, Ta=0~ +70°C) 


MSC2312A- | MSC2312A- | MSC2312A- 
gi 70YS9/KS9 | 80YS9/KS9 | 10YS9/KS9 : 
— a in Maxine in Me “ee 


Sym 
bol 
OV<Vin <6.5V : 
Input Leakage Current IL! | All other pins KA 
not under test=OV 
t is disab 
CC3 
Icc6 





Output high voltage 


Average power supply current BAS cycling, 
(Operating) Icci CAS, CAS8 cycling, sid 675 mA | 4, 2 


RAS =VIH 
Power supply current 5 
(Standby) Icc2| CAS, CAS8 





Average power supply current RAS cycling, 
(RAS only refresh) | CAS, CAS8=ViH 





Average power supply current oa 
(CAS before RAS refresh) os tRC=min. 


Average power supply current RAS= VI . 
(Fast page) ICC7 sae CASS cycling 
PC=min. 





Note : 1. loc in dependent on out put loading and cycle rates. 
Specified value are obtained with the output open. 
2. Address can be changed once or less while RAS=Vj,. 


3. Address can be changed once or less while CAS=Vjp. 
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= DYNAMIC RAM-MSC2312A-xxYS9/KS9 = 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


parameter | Symbol | Typ. | Max, Unit 
Input Capacitance (AO — AQ) Som | 40 | 70 pF 
Input Capacitance (RAS, CAS, WE) ej | pF 
Data Input/Output Capacitance 
Input Capacitance (CAS8) roe pF 
Output Capacitance (Q8) eyo ee pF 


Capacitance measured with Boonton Meter. 
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= DYNAMIC RAM:-MSC2312A-xxYS9/ KS9 = 





AC CHARACTERISTICS 
(Voc = 5V + 10%, Ta = 0 ~ +70°C) Note 1, 2, 3 


paremeiek Symbol | 70YS9/KS9 | B0YS9/KS9 | 10YS9/KS9 | Unit | Note 
mis staat 

Refresh period tREF }- | a]-]sj]-|s] 

Random read or write cycle time cee ee 

Fast page mode cycle time tec || 45 | - | 50 | - | 55 |] - | ns 

Access time from RAS trac | - | 70 | - | 80 | — | 100 | ns_ 4,5,6 

Access time from CAS tcac | - | 20] - | 20 | - | 25 | ns_ 4.5 

Access time from column address a eee 4,6 

Access time from CAS precharge )40 | - | 45 | — | 


Output low impedance time from 4 
CAS 


Output buffer turn-off delay aetrtetete=tetete 
anton in = [s[|s|#|s|@|m|s 
RES pect we f@|-|~]-[e|-|[ 
RAS pulse width tRAS 10K | 80 | 10K | 100 | 10K | ns | 
ies ae coe cycle only) 'RASP cil 80 | ait | Me 00K | ne 
RAS ote x [| -f@[-|s|— 

el cca Od fee eal ee 
CAS pulse width tCAS 10K a0. 10K 10K pons | 
CAS hold time tosH | 70 | - | a | - | 100 | — | ons | 
FAS 10GHS dayton | @ | 0 | | wo | || mw | s 
RAS to column address delay time tran | 17 | 35 | 17 | 40 | 20 | 50 | ns 6 
CAS to RAS precharge time tcrRp | 10 10 | — | ns 
Row address set-up time taSR = | ons | 
Row address hold time tRAH 2 


Column address set-up time tasc 
Column address hold time 


Column address hold time from RAS /taR 


ot 
O 


on 


Column address to RAS lead time | tRaAL 3 
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= DYNAMIC RAM-MSC2312A-xxYS9/KS9 m= 


AC CHARACTERISTICS (Continued) 


parsmeier Symbol | 7°YS9/KS9 | 80YS9/KS9 | 10YS9/KS9 | Unit | Note 
oo 2S 

Read command set-up time tres | 0 | - | 0 | - | o | — | ns | 

Read command hold time tach | 0 | - | o | - | o | = | ns | 7 

Write command hold time from RAS|twor | 55 | - | 60 | - | 75 | — | ns | 

Write command se-up time twos | 0 | — | o | — | o | = | ne | 

Write comman hold time twon | 16 | - | 18 | - | 20 | - | ns | 

Write command pulse width twe | 15 | - | 16 | - | 20] - | ns | 

Dati eh tie fos fe {-[o|-|[o|-|= 

Data-in hold time toy | 15 | — | 15 | 

Data-in hold time from RAS tour | 55] — | 


Read command hold time t 

referenced to RAS RRH 

RAS to CAS set-up time t 

(CAS before RAS) CSR 

RAS to CAS hold time t 30 

(CAS before RAS) CHR 

CAS active delay from RAS ' 

precharge RPC 

CAS precharge time toon | 10 | — 


Notes: 1 An initial pause of 100 us is required after power-up followed by any 8 RAS cycles 
(Example : RAS only refresh cycle) before proper device operation is achieved. 
2 The AC characteristics assume at ty =5 ns. 
3 Viy (min.) and Viz (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vi} and Vj,. 
4 Measured with a load circuit equivalent to 2TTL loads and 100pF. 


5 Operation within the taco (max.) limit insures that tRac (max.) can be met. tacp (max.) 
is specified as a reference point only: if tacp is greater than the specified taco (max.) 
limit, then access time is controlled exclusively by tC ac. 


6 Operation within the taap (max.) limit insures that trac (max.) can be met. trap (max.) 
is specified as a reference point only; if tRap is greater than the specified trap (max.) 
limit, then access time is controlled exclusively by tag. 


Either taay or tacH must be satisfied for a read cycle. 


—. 


~ 
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= DYNAMIC RAM-MSC2312A-xxYS9/KS9 = 


READ CYCLE 





tac 


‘cre | 
| 


: 4 |. tors 
cas yl NN 
Vin ~ 
tRAL 
ts tase 


pent), GS /// ee LLL 


tRCH 


tacs taan [| 


eta 
=‘ TTL Uh 


tcLz torr 
trac 
y 
‘ ‘ Valid Data y 
micare 


Oo 





Don't care 
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= DYNAMIC RAM:-MSC2312A-xxYS9/KS9 = 


FAST PAGE MODE READ CYCLE 


Pe a 


- x =] 


: atk Soe a Pct WI ///// 


Vit - yore ii Tel 


taao tRRH 


‘as zi {Lt I sal 
MLL Ty YW ip | 
i 


Don't care 





FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


SS a 
—. V 
RAS “IH” 
Vii - 
re 

mre a ae 
GAS yaa 
Cass ‘'t - 


address VIM i= Pc W/E cot] (Col ae: ST 


a 


= 
- 


twcs twoH twcs twcH twos twcH 


we ne neat oo 


8 TTT mmm KOK mm YOK see WITT 
Don't care 
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= DYNAMIC RAM-MSC2312A-xxYS9/KS9 = 


RAS ONLY REFRESH CYCLE 


GAS Vin — 


CAS8 


rome TI we WLLL LLL LLL LLL LL 


pa VOH - 
Q8 Vo. - 
Oon't care 


NOTE: WE =Don't care. 





CAS BEFORE RAS AUTO REFRESH CYCLE 


<ze VI — 
CAS 
we VIE 


CAS8 


V// A Don't care 


NOTE : WE Don't care, AO~A9=Don't care 
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= DYNAMIC RAM: MSC2312A-xxYS9/KS9 = 





HIDDEN REFRESH READ CYCLE 


tase tRAH 


sao 0 TK sx YO comm WLLL 


tacs 


LL LLL. 
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OKI semiconductor 
MSC2359-xxYS3 


1,048.576 Word x 9 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE 









GENERAL DESCRIPTION 


The Oki MSC2359-xxYS3 is a fully decoded, 1,048,576 word by 9 bit CMOS dynamic random access 
memory composed of two 4Mb DRAMs in SOJ (MSM514400JS) and one 1Mb DRAM in SOJ 
(MSM511000AJS). The mounting of three SOJs together with three 0.2 uF decoupling capacitors on 
a 30 pin glass epoxy Single-In-Line Package supports any application where high density and large 
Capacity of storage memory are required. The electrical characteristics of the MSC2359-xxYS3 are 
same as the original MSM514400JS; each timing requirements are noncritical, and power supply 
tolerance is very wide. 


FEATURES 


¢« 1,048,576 word x 9 bit organization 
¢  30-Pin Socket Insertable Module 
¢« Family organization 


Famil MAX Cycle Time 
y (MAX) Operating Standby 


MIN 
two [te | tc | (MAX) (MAX) 
17mW 
MSC2359-10YS3 | 100 ns sons | 25ns | 190ns 1238 mw (MOS level) 


¢ Single +5V supply, +10% tolerance 

¢ Input : TTL compatible 

¢ Output : TTL compatible, tristate, nonlatch 

« Refresh: 1024 cycles/16 ms 

- Common CAS control for eight common Data-in and Data-out lines 

- Separate CAS control for one separate pair of Data-in and Data-out lines 

- CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability 
e Multi-bit test mode capability 


Power Dissipation 
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= DYNAMIC RAM-MSC2359-xxYS3 = 


FUNCTIONAL BLOCK DIAGRAM 





PIN CONFIGURATION 


MSC2359-xxYS3 


1 
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3 
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9 
0 


nl, 
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OKI semiconductor 
MSC2340-xxYS9/KS9 


4,194,304 Word x 9 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE 





GENERAL DESCRIPTION 


The Oki MSC2340-xxYS9/KS9 is a fully decoded, 4,194,304 word by 9 bit CMOS dynamic random 
access memory composed of nine 4Mb DRAMs in SOJ (MSM514100JS). The mounting of nine SOJs 
together with nine 0.2pF decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package 
supports any application where high density and large capacity of storage memory are required. 
The electrical characteristics of the MSC2340-xxYS9/KS9 are same as the original MSM514100JS; 
each timing requirements are noncritical, and power supply tolerance is very wide. 


FEATURES 
@ 4,194,304 word x9 bit organization 
e 30-Pin Socket Insertable Module 
@® Family organization 
Access Time 


Famil MAX 
ee ( (MIN) Operating Standby 


MSC2340-80YS9/KS9 | B0ns | 40ns | 20ns | 160ns | 4455 mW 50 mw 
(MOS level) 


@ Single +5 Vsupply, + 10% tolerance 


Power Dissipation 






Cycle Time 


@ Input: TTL compatible 
@ Output: TTL compatible, tristate, nonlatch 


@ Refresh: 1024 cycles/16 ms 


® Common CAS control for eight common Data-in and Data-out lines 
@ Separate CAS control for one separate pair of Data-in and Data-out lines 
® CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability 


@ Multi-bit test mode capability 
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PIN CONFIGURATION 
MSC2340-xxYS9 


PIN 
NAME 


PIN 


PIN 


— = DYNAMIC RAM-MSC2340-xxYS9/KS9 = 


PIN PIN PIN 


NAME | No. NAME 
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ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


Rating Symbol Conditions Value Unit 
Voltage orvahy pin Vin Ta=25°C ~1.0~+7.0 Vv 
relative to Vss5 Vout 


Voltage on Vcc supply 


relative to Vss Vec Ta=25°C 


-1.0~+7.0 V 


Short circuit output 


j tos Ta=25°C 50 mA 
current 

Power dissipation p Pp | Ta=25°C W 
temperature 

Storage temperature ~40~ +125 a 


Notes: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the conditions as detailed in 
the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vss) 


rerpimeret Symbol co TYP | MAX | Unit | _OPerating 
Temperature 


Supply Voltage a 
oe 
0°C~ + 70°C 
Input high voltage Vin } 24] - | 65 | 
Input low voltage Vit p-1.0] - | 08 | 


CAPACITANCE 
(Ta = 25°C, f= 1 MHz) 


Parameter Unit 
Input Capacitance (AO - A10) | cur | 55 | 70 | pF 
Input Capacitance (RAS, CAS, WE) pF 
Data Input/Output Capacitance (DQO - DQ7) Cog pF 
Input Capacitance (CAS8) pF 
Input Capacitance (D8) | ca | 7 f 18 | pF 
Output Capacitance (Q8) | Cour | 8 | 15 | pF 


Capacitance measured with Boonton Meter. 





= DYNAMIC RAM-MSC2340-xxYS9/KS9 a 
DC CHARACTERISTICS 
(Vcc= 5Vi 10%, Ta =O0~ + 70°C) 


MSC2340-80 MSC2340-10 
Parameter Symbol| Conditions YS9/KS9 YS9/KS9 Unit [Note 


Input leakage all other pins 
current not under 
test=0V 
Output leakage ai ae b 
current Savion 
OVS VoyrS5.5V 


lu 
lLo 
Output high voltage ccsOma. | Oa i Wee 


Ss 
a 


< 
A 
3] # [lel] |e | 





< 
kal 


















Output low voltage lop = 4.2 mA | 0.4 Poa. 
Average power RAS, CAS, CAS8 
supply current lec1 | cycling, 720 1,2 
(Operating) tac =min 

RAS = Vi 
Power supply CAS, CAS8 18 
current lcc2 =Vin A 
(Standby) DQO0~7, 

Q8 =Hz 

720 A |1,2 


RAS = Vi 
CAS, CAS8 = Vi, 
DQ0~7, Q8 

= enable 


Power supply 
current lecs 
(Standby) 





Average power 

supply current __ 
(TAS before RAS CC6 
refresh) 


RAS cycling, 


RAS =Vy, 


Average power CAS, CAS8 


supply current lcc7 
(Fast page mode) 


oO 
wW 
—) 
> 


~ 
N 
° 
> > 


1a 


cycling 
tpc = min 


Average power RAS cycling, 
supply current Icc3 | CAS, CAS8 = Vix 
(RAS only refresh) tec = min 





Note: 1. Iccis dependent on output loading and cycle rates. Specified values are 
obtained with the output open. 


2. Address can be changed once or less while RAS = V},. 


3. Address can be changed once or less while CAS = Vj. 
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AC CHARACTERISTICS 
(Vcc =5V410%, Ta=0~ + 70°C) Note 1, 2, 3, 9, 10 


Parameter Symbol YS9/KS9 YS9/KS9 Unit | Note 
el 
Random read or write cycle time | tac | 160 | - | 199 | - | ns] 
Fast page mode cycle time tec Poss | - | 65 | - | ns| 
Access time from RAS fteac| - | 80 | - | 100 | ns | 4.5 
Access time from CAS tac} - | 20 | - | 25 |ns| 4.5 
Access time from column address few | - { @ | — | 50 [ne 4.6 
Access time from CAS precharge ftea{ - | 45 | - | 55) | ns | 4 
Output low impedance time from CAS ftaz} o | - [| 0 | = [ns] 4 
Output buffer turn-off delay time Htorr | 0 | 20 | o | 25 | ns| 7 
aston tine refs] | 3 |» [ms 
teh Par = [6 | - | 6 [mw 
TAS precharge tin wf ]- [=| -[w 
RAS pulse width teas | 80 | 10K | 100 | 10K [ns 
RAS pulse width (Fast page mode) tease} 80 | 100K | 100 | 100K | ns | 
FAS hol tne row f 2 | - | | - [me 
AS precharge tin fee [oe [= fe = fw 
CAS pulse width done 10K | 25 | 10K | ns 
CS holt a ee 
GSAS preterseiine ftw | 1 | - | | - [em 
Weeden iw | @ | © | | [ols 
RAS to column address delay time ‘tea | 17 | 40 | 20 | 50 | ns | 6 
Row address set-up time ftase}| 0 | - | 0 | - [ns] 
Row address hold time ftean | 15 | - | 15 | - | ns | 
Column address set-up time ftasc{ 0 | - | 0 | - [ns] 
Column address hold time ten | 15 | - | 20 | - | ns| 
Column address hold time from RAS tar | 60 | - | 75 | - Jos 
Column address to RAS lead time ftea | 40 | - | so | - |ns| 
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AC CHARACTERISTICS (Continued) 


MSC2340-80 
YS9/KS9 


MSC2340-10 


YS9/KS9 


Parameter Unit | Note 


Read command set-up time 
Read command hold time 


Read command hold time reference 
to RAS 


Write command set-up time 

Write command hold time 

Write command hold time from RAS 
Write command pulse width 

Data-in set-up time 

Data-in hold time 


Data-in hold time from RAS 


CAS active delay time from RAS 
precharge 


MAX 


Ss 
hel PPE 
[2 {alalal 2 fala. 


tRcH 


trrH 


NO 


twcH 0 


~ 
uw 


twcr 


et + & 
= 2 3 
Q wv 5 


twe 


20 

a ie i ee 
toH 20 

toun| 60 | - | 75 | - [os] 


RAS to CAS set-up time t 10 
(CAS before RAS) CSR 

RAS to CAS hold time 

(CAS before RAS) tcHrR 20 


CAS precharge time 


(Refresh counter test) tepT 
WE to RAS precharge time : 
(CAS before RAS) WRP 
WE hold time from RAS ; 
(CAS before RAS) WRH 


RAS to WE set-up time (Test mode) 
RAS to WE hold time (Test mode) 


twsr 


twur 20 


© 


0 
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Notes: 1. 


10. 


An initial pause of 200ps is required after power-up followed by a minimum of 
eight initialization cycles (RAS only refresh cycle or CAS before RAS refresh cycle) 
before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of eight CAS before RAS 
initialization cycles is required. 


. The AC characteristics assume ty = 5 ns. 


Vin (min.) and Vy, (max.) are reference levels for measuring of input signals. Also, 
transition times are measured between Vj, and Vj. 


Measured with a load circuit equivalent to 2TTL loads and 100pF. 


Operation within the trcp (max.) limit insures that trac (max.) can be met. trcp 
(max.) is specified as a reference point only; if trcp is greater than the specified 
trcp (max.) limit, then access time is controlled exclusively by tcac. 


Operation within the trap (max.) limit insures that trac (max.) can be met. trap 
(max.) is specified as a reference point only; if trap is greater than the specified 
trap (max.) limit, then access time is controlled exclusively by tan. 


torr (max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 


Either trry or trcy must be satisfied for a read cycle. 


The test mode is initiated by performing a WE and CAS before RAS refresh cycle. 
This mode is latched and remains in effect untill the exit cycle is generated. 

The test mode specified in this data sheet is 8-bit parallel test function. 

RA10, CA10 and CAO are not used. In a read cycle, if all internal bits are not 
equal, then the data output pin will indicate a low level. 

The test mode is cleared and the memory device returned to its normal 
operational state by performing a RAS only refresh cycle or a CAS before RAS 
refresh cycle. 


In a test mode read cycle, the value of an access time parameters is delayed by 
5ns from the specified value. These parameters should be specified in test mode 
cycles by adding the above value to the specified value in this data sheet. 
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READ CYCLE 


tac 
tr 
tras e 
acpi Vin —_ 
tL 
tcre RP 
ev, | NA “FF | 


CAS8 Vit trap 
tRaL 


tRAH 


t 
ASR 


tre 
tery 


AO-AIO ye Li's III 


“H* or “L” 





WRITE CYCLE (EARLY WRITE) 


vn = DOS ea 


"- Lz = a (EE 


"H" or "L” 
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FAST PAGE MODE READ CYCLE 


Yt column [column | 


a. S | 
" YA KU 


Pe 


8” ULM 


trRH 
t 
RCH 


DQ0-7 Von Y Wy, lid 
. UY 
Q8 Vou Lf 


OFF te 


tar 


ee RAH ASC tasc 
tcay TAM tasc 


YR } Nes ee 


twcr 


two, twcs twe twes tweu 
— Vin ~ 


YY “H" or “L” 
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RAS ONLY REFRESH CYCLE 


wo. “ Dk CME. 


NOTE: WE,A10="H" or “L” Wyn 4" or “L" 





_ CAS BEFORE RAS AUTO REFRESH CYCLE 


NOTE: AQ-A10="H" or "L” YY, "4" or "" 
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HIDDEN REFRESH READ CYCLE 


t tcay 


R 
tas _ {trey twee Gans 


Wi Yd tax A QW 


DQ0-7 VoH 
D8 Vow 


an za Sok = MEE 


me Ye TET yah MUA 


tox 


t RP twruH 


“H” or “L" 
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CAS BEFORE RAS REFRESH COUNTER TEST 


7/7 


pea ate tes | [fe tien 
DQ0-7 Von — ieee 3 
twrH trcs | |tciz 


twre 


hi ee | 
ey GD G | tee RY 


WRITE CYCLE 


| | | trrH 


Vou — 
8 
Q Vo. — 


twrp 


wt Ys U7 Se 
°°?‘ YOY sme QUI 


“H" or “L” 





TEST MODE INITIATE CYCLE 





NOTE: AQ-A10,D9=“H" or “L” Yn *H" or “." 
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32 Bit Series ZY 








OKI semiconductor 
MSC2327A-xxYS8 


262,144 Word BY 32 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE 





GENERAL DESCRIPTION 


The Oki MSC2327A-xxYS8 is a fully decoded, 264,144 word x 32 bit CMOS dynamic random access 
memory composed of eight 1 Mb DRAMs in SOJ (MSM514256AJS). The mounting of eight SOJs 
together with eight 0.2 uF decoupling capacitors on a 72 pin glass epoxy Single-In-Line Package 
supports any application where high density and large capacity of storage memory are required. 
The electrical characteristics of the MSC2327A-xxYS8 are same as the original MSM514256AJS; 
each timing requirements are noncritical, and power supply tolerance is very wide. 


FEATURES 


@ 262,144 word x 32 bit organization 
@ JEDEC compatible dimensioning 
@ Family organization 


Access Time 
(MAX) 
Family Operating Standby 
[tes | ta | foe (MAX) (Ma 
MSC2327A-10YS8 toons | Sons | 26ns | 190ns | 2730mW | 2730mW (MOS level) 


Single +5V supply, + 5% tolerance 

Input : TTL compatible 

Output : TTL compatible, tristate, nonlatch 

Refresh : 512 cycles/8ms___ 

CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability 
Fast access and cycle times 


Power Dissipation 
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FUNCTIONAL BLOCK DIAGRAM 


FE vcc VS 
ae AB 


P| Gas 
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PIN CONFIGURATION 


MSC2327A-xxYS8 
TOP 


. | Pin Name | MSC2327A- | MSC2327A- 
80YS8 
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ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating Unit 
Voltage on any pin relative to V,, V 
Voltage on V,,, supply relative to V,, V 
Operating temperature °C 
Storage temperature °C 
Power dissipation ae ae ae WwW 
a a 


Short circuit output current 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational 
sections of this data sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Referenced to V,,) 


Parameter Symbol | Min, Typ. | Max. | Unit Pe ol 
V 4.75 525 | Vv | 
40 Supply Voltage ca 


V 
Input High voltage, , ; o°c ~ +70°C 
all inputs 1H 
Input Low voltage, Vv, 10 y 
all inputs 





= DYNAMIC RAM: MSC2327A-xxYS8 = 


DC CHARACTERISTICS 
(Vcc = 5V +5%, Ta = 0 ~ +70°C) 


MSC2327A- | MSC2327A- 
Parameter Symbol Condition 80YS8 10YS8 /Unit/Note 
Input Leakage Current ly OV < V,, S$ 6.25V : pA 
Ail other pins not 
under test = OV) 
Output Leakage Current lie Data out is disable, 10; -10} 10/pA 
OV < Vy, < 5.25V 


Output high voltage 





Output low voltage 


Average power supply 
current 
(Operating) 


Power supply current 
(Standby) 


Average power supply 
current 
(RAS only refresh) 


Average power supply 
current bas 
(CAS before RAS refresh) 


Average power supply 
current 
(Fast page mode) 





Note: 1. |, is dependent on output loading and cycle rates. Specified values are obtained 
with the output open. 


2. Address can be changed once or less while RAS = V,. 


3. Address can be changed once or less while CAS = V,,. 
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CAPACITANCE 
(Voc = 5 V 45%, f = 1MHz, Ta=0 ~ +70°C) 


Input Capacitance (AO - A8) | Ge me ae 
Input Capacitance (RASO, RAS2) | Os | — | 4 | 
Input Capacitance (CASO - CAS3) Cw | — | @ | 

a a 


VO Capacitance (DQ0 - DQ31) CDQ 


Capacitance measured with Boonton Meter. 


140 


AC CHARACTERISTICS 
(Veg = 5 V 45%, Ta=0 ~ +70°C) 


Parameter 


Random read or write cycle time 

Fast page mode cycle time 

Access time from RAS 

Access time from CAS 

Access time from column address 
Access time from CAS precharge 

CAS to output in Lo-Z 

Output buffer turn-off delay 

Transition time (Rise and Fall) 

RAS precharge time 

RAS pulse width 

RAS pulse width (Fast page mode) 
hold time 

CAS hold time 

CAS pulse width 

RAS to CAS delay time 

RAS to column address delay time 
CAS to RAS precharge time 

CAS precharge time (Fast page mode) 
Row address set-up time 

Row address hold time 

Column address set-up time 

Column address hold time 

Column address hold time refer. to RAS 
Column address to RAS lead time 
Read command set-up 

Read command hold time 

Read command hold time refer. to RAS 
Write command hold time 

Write command hold time refer. to RAS 
Write command pulse width 

Date set-up time 

Date hold time 

Date hold time referenced to RAS 
Refresh period 

Write command set-up time 

CAS set-up time(CAS before RAS cycle) 
CAS hold time(CAS before RAS cycle) 
RAS to CAS precharge time 

CAS precharge time 
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MSC2327A- 
80YS8 


MSC2327A- 
10YS8 


Symbol Units 


3 
=) 
PS 
oi 
fo] 
oO 


—_ 
_ © 
I} Oo oO 


= 
oO 
~~ 


—_— 
rs S 
Oo x 


ore 
© 
Oo 


“J 


; ot ot - ~~ 
=" Dv wv U io” roe eg Q > cs” YS me 
: > 2 
s 
>) 


= 
3 


anh 


—] oo _ ~J “NJ _ 


~~ 
Oo jm pp lw 3 
— _ — ak fk 
oO © oi ao mio 


Notes 


ra 
2,7 


—~;| @Q; hi nN 
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NOTES: 1) AC measurements assume t,=5ns. 

2) Measured wirth a load equivalent to 2 TTL loads and 100pF. 

3) t ,.,- (max) defines the time at which the output achieves an open circuit condition. 

4) Either t,.,, or t,,,, must be satisfied for a read cycle. 

5) These parameters are referenced to CAS leading edge. 

6) tc, is not a restrictive operating parameter. This is included in the data sheet as electrical characteris- 
tic only. If ty, .<>twes (min), the cycle is an early write cycle and the data out pin will remain an open circuit 
(Hi-Z) 

Operation within the t,,,, (max) limit insures that t,,,, (max) can be met. t,,, (max) is specified as a reference 
point only: if t,, is greater than the specified t,,,, (max) limit, then access time is controlled by t,,.. 


8) Operation within the t,,,,, (max) limit insures that t,,,,. (max) can be met. t,,, (max) is specified as a reference 
point only: if t,,, is greater than the specified t,,,, (max) limit, then access time is controlled by t,,. 


— 


7 


~~ 


142 





= DYNAMIC RAM-MSC2327A-xxYS8 = 


e READ CYCLE 


CAH 


ZK Pow KER Coumn Ee 


‘ARH | 
LLL XZ 
- 'cLZ ‘OFF 
(77/4 Don't care 





e WRITE CYCLE (EARLY WRITE) 


Address ‘ 


Don't care 
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-@ FAST PAGE MODE READ CYCLE 


PAS vit 


CAS Yur 
Vite 


Address 4 


“LA Don't care 





e FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


‘Rasp 


. 'pc 


t 
CAS, tcp | cass top 


Address 


'WCH (WCS ‘woH ‘WCS 'WCH 
Yt ttwel  (oL'we (we I 
Yoyo YZ 


‘os! |'bH tOH 


HM SEEN TE TEN Yi 


DHR 


Don't care 
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e RAS ONLY REFRESH CYCLE 


CAS Yiw 
Viv 


saves Ww oR oom UL 


—= 7, : 
NOTE WE = Don't care Don't care 





e CAS BEFORE RAS REFRESH CYCLE 


Oy Don't care 


NOTE WE = Don't care AO-A8 = Don't care 
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e HIDDEN REFRESH READ CYCLE 


tro tao 
FAS Yo se F 
‘CHR ‘CPN 


ee ——— 
<BR 
pssst LLL 


—a V 
CAS Jit 
Vie 


|'B 'R 


4 
SS ocean 
f i 


ve Ye LD 5 CHUL 


TRAC 
Vn. a 
DQ Vor" cy Valid Data - out ¥ 


F, 
Don't care 





e HIDDEN REFRESH WRITE CYCLE 


Address vit 


— Vv - 
WE Vie 


Vv - 
DQ JH 
Vi 


ey Don't care 
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OKI semiconductor 
MSC2333A-xxYS16 


524,288 Word BY 32 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE 





GENERAL DESCRIPTION 


The Oki MSC2333A-xxYS16 is a fully decoded, 524,288 word x 32 bit CMOS dynamic random 
access memory composed of sixteen 1 Mb DRAMs in SOJ (MSM514256AJS). The mounting of 
sixteen SOJs together with eight 0.2 uF decoupling capacitors on a 72 pin glass epoxy Single-In- 
Line Package supports any application where high density and large capacity of storage memory 
are required. The electrical characteristics of the MSC2333A-xxYS16 are same as the original 
MSM514256AUJS; each timing requirements are noncritical, and power supply tolerance is very wide. 


FEATURES 


@ 524.288 word x 32 bit organization 
e JEDEC compatible dimensioning 
@ Family organization 





Access Time Power Dissipation 
(MAX) 
Family Operating Standby 
ine [te [te way |i 


MSC2333A-80YS16 | Ons | 40ns | 20ns | 160ns 3234mW 84mW 
MSC2333A-10YS16 j100ns | Sons | 26ns | 190ns | 2814mW (MOS level) 


Single +5V supply, + 5% tolerance 
Input : TTL compatible 
Output : TTL compatible, tristate, nonlatch 


Refresh: 512 cycles/8ms = — 
CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability 
Fast access and cycle times 
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FUNCTIONAL BLOCK DIAGRAM 
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PIN CONFIGURATION 


MSC2333A-xxYS16 


MSC2333A- 
10YS16 
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ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating Symbol Unit 


Voltage on any pin relative to V,. View Veus —1 ~ +7 V 
Voltage on V,,. supply relative to V,., Voc al me eT V 
Operating temperature Te °C 
Storage temperature | Te °C 
Power dissipation ia ae! ae Ww 
Short circuit output current fgg df BS mA 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational 
sections of this data sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Referenced to V,,, 


temperature 
aithy Vohegs Te [epee fae Tr 
Input High voltage, 


0°C ~ +70°C 
Input Low voltage, V -1.0 V 
all inputs - | 
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DC CHARACTERISTICS 
Wee = SV 15%, Ta = 0 - = 5V 45%, Ta = 0 ~ +70°C) 


MSC2333A- | MSC2333A- 
Parameter Symbol Condition 80YS16 10YS16 {Unit/Note 
Input Leakage Current li OV < V,, < 6.25V : 160} 160 -160|) 160 |} pA 
All other pins not 
under test = OV 7 
Output Output Leakage Current _ Current Data out is disable, A 
Pate S Vour S 5.25V 


Output high voltage Igy = SMA 7 Igy = SMA 24) —| 24) —] Vv | 
CII 


Average power supply ass nASO AAS cycling, 616 mA/{1, 2 
current ieee a cycling: 

(Operating) = min. 

Power supply current lice ~| RASO-RAS3=V,,, Tm | —| 32} | 32|ma 


Average power supply lecgs. «| RASO-RAS3 cycling, 536 |mA/1, 2 
current CASO-CAS3 = V,,, 
(RAS only refresh) in. 
Average power supply lece I 616 536 |mA| 1 
current 

ear 7 


(CAS before RAS refresh) 
Note: 1. |,, is dependent on output loading and cycle rates. Specified values are obtained 
with the output open. 












Average power supply loc? 
current 
(Fast page mode) 





2. Address can be changed once or less while RAS = V,. 


3. Address can be changed once or less while CAS = V,.. 
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CAPACITANCE 
(Veg = 5 V 5%, f = 1MHz, Ta = 0 ~ +70°C) 


Input Capacitance (AO - A8) re ee 
Input Capacitance (RASO - RASS) ee a 
Input Capacitance (CASO - CAS3) | Cw | — | 4a | 
VO Capacitance (DQ0 - DQ31) | cpa, | — | 2 | 


Capacitance measured with Boonton Meter. 


152 


AC CHARACTERISTICS 
(Veg = 5 V 45%, Ta=0 ~ +70°C) 


Parameter 


Random read or write cycle time 

Fast page mode cycle time 

Access time from RAS 

Access time from CAS 

Access time from column address 
Access time from CAS precharge 

CAS to output in Lo-Z 

Output buffer turn-off delay 

Transition time (Rise and Fall) 

RAS precharge time 

RAS pulse width 

RAS pulse width (Fast page mode) 
RAS hold time 

CAS hold time 

CAS pulse width 

RAS to CAS delay time 

RAS to column address delay time 
CAS to RAS precharge time 

CAS precharge time (Fast page mode) 
Row address set-up time 

Row address hold time 

Column address set-up time 

Column address hold time 

Column address hold time refer. to RAS 
Column address to RAS lead time 
Read command set-up 

Read command hold time 

Read command hold time refer. to RAS 
Write command hold time 

Write command hold time refer. to RAS 
Write command pulse width 

Date set-up time 

Date hold time 

Date hold time referenced to RAS 
Refresh period 

Write command set-up time 

CAS set-up time(CAS before cycle) 
CAS hold time(CAS before RAS cycle) 
RAS to CAS precharge time 

CAS precharge time 
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MSC2333A- 
80YS16 


MSC2333A- 
10YS16 Units 


Symbol 


= 
oO 
oO 


oO 
v 


= 
NJ 


ASC 


oh, 
= fo) hit 
Oo x o;}o 


| tae | ns 
| tee 85 | — | ons | 
p= | 25 | ns 
ee | — | 50 | ons | 
| tora Pe ae 
a oe ee 
| fore of 2 | ns 
ee ee a ee 
| toe | 70 ee ee 
| tans | 100 | 10k | ons 
| tease | 100 |iook | ons 
| ts 25 | — | ons | 
100 | — | ons | 
[teas | 25 [10k | ons | 
25 | 75 | ns | 
| tone eile sd 
| ns 
| thse pons | 
| tran J ns | 
| ns | 
[tomy ae 
Lig 2 J ns | 

| ons 


N ~ — ~ 


= a ee fet let bar bist bar bs 
heey 7s e ee be 
—_d, 


_ 
o 


Notes 


ro [to 
NDTN 


nN 
Se I lt 
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NOTES: 
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4 
2 
3 
4 


) 


~~ 


) 


— 


5) 


6 


7 


8 


) 


AC measurements assume t, = 5Sns. 

Measured wirth a load equivalent to 2 TTL loads and 100pF. 

tor (max( defines the time at which the output achieves an open circuit condition. 

Either t,.,, OF tag, Must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge. 

twos iS not a restrictive operating parameter. This is included in the data sheet as electrical characteris- 
tic only. If ty.5>twos (min), the cycle is an early write cycle and the data out pin will remain an open circuit 
(Hi-Z) 

Operation within the t,,,,. (max) limit insures that t,,,, (max) can be met. t,,, (max) is specified as a reference 
point only: if t,,, is greater than the specified t,,, (max) limit, then access time is controlled by t,,.. 


Operation within the t,,,,, (max) limit insures that t,,,,. (max) can be met. t,,, (max) is specified as a reference 
point only: if t,,, is greater than the specified t,,,, (max) limit, then access time is controlled by t,,. 





a DYNAMIC RAM-MSC2333A-xxYSI16 = 


READ CYCLE 


*CRP \ meee ieee dese tRSH = + 


t +S 


'RAD 


'ASR ol ao 
Address y" 7M Row Me (Come RYE 


tAR 
‘oO 


| LLL 


Don't care 





WRITE CYCLE (EARLY WRITE) 


View 
Address ,,4 
Viv 


Don't care 
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= DYNAMIC RAM:-MSC2333A-xxYS16 = 


e FAST PAGE MODE READ CYCLE 


TAR 
TASR| |tRAH =r 


Elf ER KE 


t -— tRRH 
a | tAcs 'RCH 


waa 


cn ata y 
L OFF es Don't care 





e FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


twosi [twoH twos} itwcH'wcs| |twcH 
re te | pt lie 


WEEE VAT OAT 


'ps ‘DH tos a tos 'DH 


Lia KG [Vale Data CR Valid Data LE Mee ee Don't care 
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Ras Vine 
RAS Vie: 


CAS Vine 
Vin’ 


en ae MMMM 


cece Py? : 
NOTE WE = Don't care YY Don't care 





e CAS BEFORE RAS REFRESH CYCLE 


Don't care 


NOTE WE = Don't care AO-A8 = Don't care 
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= DYNAMIC RAM-MSC2333A-xxYS16 = 


e HIDDEN REFRESH READ CYCLE 


pace Vine 
RAS Vic: 


a ey 
CAS SIH 
Vit- 


Address vite 


WE Ye VU 


‘OFF 


. 


t 
iz 
Da Yor vais owner? 
% 
Don't care 





e HIDDEN REFRESH WRITE CYCLE 


Se Vie 
IH 
RAS yi: 


CAS Vir 
Vite 


Address it 
IL” 


V « 
IH 
Vi’ 


V . 
IH 
Vie 


G 
Don't care 
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OKI semiconductor 
MSC2357-xxYS8 


1,048,576 Word x 32 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE 









GENERAL DESCRIPTION 


The Oki MSC2357-xxYS8 is a fully decoded, 1,048,576 word by 32 bit CMOS dynamic random 
access memory composed of eight 4Mb DRAMs in SOJ (MSM514400JS). The mounting of eight 
SOdJs together with eight 0.2 wF decoupling capacitors on a 72 pin glass epoxy Single-In-Line Pack- 
age supports any application where high density and large capacity of storage memory are required. 
The electrical characteristics of the MSC2357-xxYS8 are same as the original MSM514400JS; each 
timing requirements are noncritical, and power supply tolerance is very wide. 


FEATURES 


¢ 1,048,576 word x 32 bit organization 
72-Pin Socket Insertable Module 
¢ Family organization 


Access Time Power Dissipation 


rey seal oo a Operating Standby 
fs ee ee (MAX) (MAX) 

42 mW 

MSC2357-10YS8 toons | 50s 25 ns 190 ns 3360 mW (MOS level) 


* Single +5V supply, +5% tolerance 

¢« Input : TTL compatible 

¢ Output : TTL compatible, tristate, nonlatch 

¢ Refresh: 1024 cycles/16 ms 

- CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability 
« Multi-bit test mode capability 
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= DYNAMIC RAM:-MSC2357-xxYS8 = 


PIN CONFIGURATION 


MSC2357-xxYS8 





Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name 












1 VSS 49 DQ8 
2 Dao 50 DaQ24 
3 DQi6 51 Dag 
4 Dat 52 DQ25 
5 DQ17 53 DQ10 
6 DQ2 54 DQ26 
7 DQ18 55 DQ11 
8 DQ3 56 DQ27 
9 DQ19 oC. 57 DQ12 

10 VCC RAS2 58 DQ28 

11 N.C N.C. 59 VCC 

12 AO N.C. 60 DQ29 

13 At N.C. 61 DQ13 

14 A2 N.C. 62 DQ30 

15 A3 vss 63 DQ14 

16 A4 CASO 64 DQ31 

17 A5 CAS2 65 DQ15 

18 AG CAS3 66 N.C. 

19 N.C CAS1 67 PDO 

20 DA4 RASO 68 PD1 

21 ba20 N.C. 69 PD2 

22 DQ5 N.C. 70 PD3 

23 DQ21 ‘WE 71 N.C 

24 Da6 N.C. 72 vss 

i oo 

67 N.C. N.C. 

68 N.C. N.C. 

69 N.C. N.C. 


N.C. 
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= DYNAMIC RAM-MSC2357-xxYS8 # 





FUNCTIONAL BLOCK DIAGRAM 


Ao-Ag pa4}2Q"! Ao-Ag pa4j2Q'9 


Vcc 
Ss 
RAS 


a 
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36 Bit Series ZR 


OKI semiconductor 
MSC2320A-xxYS9 


262,144 Word BY 36 Bit DYNAMIC RAM MODULE : FAST PAGE MODE TYPE 





GENERAL DESCRIPTION 


The Oki MSC2320A-xxYS9 is a fully decoded, 262,144 word x 36 bit CMOS dynamic random access 
memory composed of eight 1Mb DRAMs in SOJ (MSM514256AJS) and four 256 Kb DRAMs in PLCC 
(MSM51C256JS). The mounting of eight SOJs and four PLCCs together with twelve 0.2 uF decoupling 
Capacitors on a 72 pin glass epoxy Single-In-Line Package supports any application where high density 
and large capacity of storage memory are required. The electrical characteristics of the MSC2320A- 
xxYS9 are same as. the original MSM514256AJS; each timing requirements are noncritical, and power 
supply tolerance is very wide. 


FEATURES 


@ 262,144 word X 36 bit organization 
@ JEDEC Compatible Dimensioning 
@ Family organization 


eer Access Time (MAX) Cycle Time Power Dissipation 
: tRAC tcac | (MIN) — |Oparating (MAX) [Standby (MAX) 
Msc2a20a-s0vse | 80ns | 40ns | 20ns | 160ns_| 4410mW | o5mW 
Mscas20A10YS0 | 100ns | 50ns_| 26ns_| 190ns | _3780mW__| (MOS level) 


Single + 5V supply, +5% tolerance 

Input : TTL compatible 

Output : TTL compatible, tristate, nonlatch 
Refresh : 512 cycles/8 ms 


CAS before RAS refresh, RAS only refresh, hidden refresh, and fast page mode capability 
Fast access and cycle times 


FUNCTIONAL BLOCK DIAGRAM 
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= DYNAMIC RAM-MSC2320A-xxYS9 = 


PIN CONFIGURATION 





ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative to Vss VIN, VOUT V 


Voltage on Vcc supply relative to Vss V 
Operating temperature °C 
Storage temperature °C 
Power dissipation PD W 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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= DYNAMIC RAM-MSC2320A-xxYS9 = 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 


Supply Voitage 
0°;C ~ +70°C 


Input High Voltage, y 
all inputs IH 


input Low Voltage, Vy 
allinputs IL 


N 
on 


DC CHARACTERISTICS 
(Vcc =5V+5%, Ta=0~ +70°C) 


MSC2320A- | MSC2320A- 
80YS9 10YS9 : 
Min, | Max. ie he 


—120} 120 | nA 


.~ 


Parameter Symbol Condition 


OV<Vin <6.25V : 


Input Leakage Current All other pins 


not under test=OV 






Output Leakage Current ILO Pea ae pet 


Output high voltage VOH | JOH=—5.0mA 2.4 
Output low voltage VoL | loL=4.2mA 


RASO, RAS2 cycling, 


Average power supply current AGA __ ; 





ea]—[v 













> 


Power supply current 
(Standby) 


8 € 
NO 









Average power supply current ASO, RAS2 cycling, 
(RAS only refresh) Icc3 a 


DJ 





— || —| 70 an ; 
Note : 1. lcc in dependent on out put loading and cycle rates. 
Specified value are obtained with the output open. 


2. Address can be changed once or less while RAS=Vj._. 
3. Address can be changed once or less while CAS=Vjp. 





Average power supply current 
(CAS before RAS refresh) 






RASO, RAS2=Vi_ , 
Average power supply current AGH AAG 
(Fast page mode) ICC7 oan cycling 


© 
oO) 
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= DYNAMIC RAM-MSC2320A-xxYS9 = 


CAPACITANCE 
(VCC =5V £5%, f=1MHz, Ta=O~ +70°C) 


Parameter Symbol 


Input Capacitance (AO — A&s) Cini 


Input Capacitance (WE) 104 pF 


Input Capacitance (RASO, RAS2) Cins p= fr pF 
Input Capacitance (CASO—CAS3) Cina p= fe | pF 


pF 


17 pF 


|/O Capacitance (DQ0—7, 9-16, 18-25, 27-34) 


[/O Capacitance (DQ8, 17, 26, 35) CDQz2 22 pF 


Capacitance measured with Boonton Meter. 
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AC CHARACTERISTICS 


(Voc = 5V + 5%, Ta = 0 ~ +70°C) 


= DYNAMIC RAM-MSC2320A-xxYS9.= 





neers MSC2320A-80YS9 | MSC2320A-10YS9 Nae 
| MIN | MAX | MIN | MAX 

Random read or write cycle time feo | (WO) 
Fast page mode cycle time tpc | 50 | — | 55 | 
Access time from RAS trac | — | 80] - | 0 | ns | 27 
Access time from CAS Ficac | - | 20, - | 25 [ re | 27 
Access time from column address tAA | — | 40 | -— | 50 | os | 2,8 
Access time from CAS precharge____|tcpa | — | 45 | — | 80 | 1s | 2 
CAS to output in Lo-Z az | o | - | o [| - | rs [2 
Output buffer turn-off delay Torr | 0 | 2 | 0 | 2 | rs | 3 
Transition time (Rise and Fall) ‘tr | 3 | 50 | 3 | 5so | ns | 1 
RAS precharge time lige [70 | - | 80 | - [re 
RAS pulse width teas | 80 | 10K | 100 | 10K | re 
RAS pulse width (Fast page mode) | trasp | 80 | 100K | 100 | 100K | ns _| 
RAS hold time Tas [20 [| —- | 2 | — | ne 
CAS hold time rics | 80 | — | 100 | — | re 
CAS pulse width ltcas | 20 | 10K | 25 | 10K | ns | 
RAS to CAS delay time Tecp | 22 | 60 | 25 | 75 | rs | 7 
RAS to column address delay time ‘trap | 17 | 40 | 20 | 50 | ns | 8 
CAS to RAS precharge time lone [10 | - | 0 | - | re 
CAS precharge time (Fast page mode)_|tcp | 10 | — | 10 [| — | ne 
Row address set-up time ee ea a ES 
Row address hold time Sc 
Column address set-up time eC a mee a= Te 
Column address hold time Bn ee 
Column address hold time refer.toRAS [tan | 60 | — | 75 | — | ns | 
Column address to RAS lead time ‘tral | 40 | -— | 5o [| — | ns | 
Read command set-up Ttiacs [0 | - | o | - [re 
Read command hold time lacy | 0 | - | 0 | - | rs | 4 
Read command hold time refer.toRAS |tapy [| 10 | -— | 10 | -— | ns | 4 
Write command hold time tWCH | 1 | -— | 2 | -— | ns | 
Write command hold time refer.toRAS [twor | 65 | -— [| 75 | — | ns | 
Write command pulse width ltwe | 15 | ——C| 2 FT 
Date set-up time tbs ae 5 
Date hold time ton | 5 | — | 20 | 5 
Date hold time referenced to RAS ———————————— 
Refresh period rer | - | 8 | - | 8 | me 
Write command set-up time wes [| 0 | - | o | - | rs | 6 
CAS set-up time (GAS before FAS cycle) tcgp | 10 | — | 10 | — | ms 
CAS hold time (GAS before RAS cycle) [tc | 90 | — | 90 | — | re 
FAS to CAS precharge time Tigpc [io | - | | - | re 
CAS precharge time Ticpy [| 0 | — | 1 [| - | re] 


NOTES : 
1) AC measurements assume ty =5ns. 


2) 
3) 
4) 
5) 
6) 


7) 


8) 


Measured with a load equivalent to 2 TTL loads and 100pf. 

torr (max) defines the time at which the output achieves an open circuit condition. 
Either tacH or tRRH must be satisfied for a read cycle. 

These paramenters are referenced to CAS leading edge. 


twcs is not a restictive operating parameter. This is included in the data sheet as electrical characteristic only. If twos>twcs (min), the 
cycle is and early write cycle and the data out pin will remain as open circuit (Hi-Z) 


Operation within the tacp (max) limit, insures that trac (max) can be met. tRcp (max) is specified as a reference point only : if tRcp is 
greater than the specified tkcp (max) limit, them access time is controlled by tcac. 


Operation within the tRap (max) limit, insures that taac (max) can be met. trap (max) is specified as a reference point only : if trap is 
greater than the specified trap (max) limit, them access time is controlled by ta. 
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= DYNAMIC RAM-MSC2320A-xxYS9 = | 


@ READ CYCLE 


tcap tp 
Vin ~ 
Vit = 
tRa 
tasA A 
Vin ~ V/ 
ress 1 
n/c i; 
taR 
tr 


» 


/] 


tWCR ae 

We LT 
tOHR oe | 

Mn. LLL nee XT 





Don't care 
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= DYNAMIC RAM-MSC2320A-xxYS9 = 


@ FAST PAGE MODE READ CYCLE 


Sa 


Eo Kc 


tRAao tARH 


tRCH 


ALLL 


Wy Ab aD ; 
T torr 
GY Oontcare 





Address ‘'H 
Vin 


ae ve { vansoara Y/Y Ie vaveoats D////// 


toHR 


V//, Don't care 
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= DYNAMIC RAM-MSC2320A-xxYS9 = 


@ RAS ONLY REFRESH CYCLE 





tasa tRAH 


aaaress yt TM LLL LL LAL LLLLLILL LALLA LAL. 


D@ You - 
VOL - 


Dont care 


NOTE WE =Dontcare. 


@ CAS BEFORE RAS REFRESH CYCLE 


Don't care 


NOTE : WE=Don't care, AO ~ A8=Don't care 
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= DYNAMIC RAM-MSC2320A-xxYS9 = 


@ HIDDEN REFRESH READ CYCLE 


| 
me, = oe CUMUMUUIIUUL 
_ Foz, | torr 


OX 


///) Don’t Care 





@ HIDDEN REFRESH WRITE CYCLE 
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OKI semiconductor 
MSC2321A-xxYS18 


524,288 Word BY 36 Bit DYNAMIC RAM MODULE : FAST PAGE MODE TYPE 








GENERAL DESCRIPTION | 


The Oki MSC2321A-xxYS18 is a fully decoded, 524,288 word x 32 bit CMOS dynamic random access 
memory composed of sixteen 1 Mb DRAMs in SOJ (MSM514256AJS) and eight 256 Kb DRAMs in PLCC 
(MSM51C256JS). The mounting of sixteen SOJs and eight PLCCs together with twelve 0.2 uF decoupling 
capacitors on a 72 pin glass epoxy Single-In-Line Package supports any application where high density 
and large capacity of storage memory are required. The electrical characteristics of the MSC2321A- 
xxYS18 are same as the original MSM514256AUJS; each timing requirements are noncritical, and power 
supply tolerance is very wide. 


FEATURES 


@ 524,288 word x 36 bit organization 
@ JEDEC Compatible Dimensioning 
@ Family organization 


Famil Access Time (MAX) Cycle Time Power Dissipation | 
4 tRAC tCAC (MIN) | Oparating (MAX) |Standby (MAX) 
MSO221A-GOVSIE | 8Ons | Ons | _20ne | 160ns | _4668mW | 10m 
MSC2331A-10YS18 | 100ns | 50ns | 25ns | 190ns | 3938mwW_ | (MOS level) 


Single + 5V supply, +5% tolerance 

Input : TTL compatible 

Output : TTL compatible, tristate, nonlatch 

Refresh : 512 cycles/8 ms 

CAS before RAS refresh, RAS only refresh, hidden refresh, and fast page mode capability 
Fast access and cycle times 


FUNCTIONAL BLOCK DIAGRAM 
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= DYNAMIC RAM-MSC2321A-xxYS18 = 


PIN CONFIGURATION 


MSC2321A-xxYS18 


TOP 


MSC2321 A- | MSC2321 A- 
80YS18 10YS18 
N.C. C, 





ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative to Vss Vin, VOUT V 
Voltage on Vcc supply relative to Vss Vcc 


Operating temperature 


< 


: 
° 
BZ 
° 
l 
“J 
rs) 
O 


Storage temperature 


—+ 
& 
| 
Lh 
oO 
) 
on 
fo) 


= 


Short circuit output Current 
Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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= DYNAMIC RAM-MSC2321A-xxYS18 = 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 


ee 
Supply Voltage 
pvss | eo | o | o | v 
oC ~ +70°C 
Input High Voltage, 
Input Low Voltage, 
DC CHARACTERISTICS 


(VCC =5V+5%, Ta=O~ +70°C) 
Parameter Symbol Condition Unit | Note 


OV<Vin <6.25V : 

All other pins —240} 240 |—240) 240 | uA 
not under test=OV | 

Data out is disable 

Output high voltage VOH | lOH=—5.0OmA : 

Output low voltage VoL | loL=4.2mA 


RASO— RASS cycling, 


CASO—CAS3 cycling, 


Input Leakage Current 





Output Leakage Current 









Average power supply current 
(Operating) 


70 750 | mA | 1, 2 





NO 
i 
O 
i 


Power supply current 


(Standby) Icc2 


Average power supply current Iccg | CASO—CAS3=VjH 70 750 | mA | 1,2 


(RAS only refresh) 


oy = = 


N 
ms 
Oo) aN 





Average power supply current 


(CAS before RAS refresh) mA | 1 


locg | tac=min. 870 750 


Oo 
= oe 









RASO—RAS3=ViL , 
Average power supply current loc7 CASO—GAS3 cycling 


1,3 
(Fast page mode) tpc=min. 


> 

Oo 
cs 

> 





Note : 1. lcc in dependent on out put loading and cycle rates. 
Specified value are obtained with the output open. 
2. Address can be changed once or less while RAS=Vj. 


3. Address can be changed once or less while CAS=Vjy._ 


176 


= DYNAMIC RAM-MSC2321A-xxYS18 = 


CAPACITANCE 
(Vcc = 5V+5%, f=1MHz, Ta=9~ +70°C) 


Parameter Symbol | Min | Max, Unit 


Input Capacitance (AO — A8) cm f= | tet 
Input Capacitance (WE) ome | = | 198 
Input Capacitance (RASO—RAS3) | ons | = | 2 | 
Input Capacitance (CASO—CAS3) Some f = fe | 
1/O Capacitance (DQ0—7, 9-16, 18-25, 27-34) | cpa | = | 
|/O Capacitance (DQ8, 17, 26, 35) | coe | - | | 


Capacitance measured with Boonton Meter. 


pF 
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= DYNAMIC RAM:-MSC2321A-xxYSI18 # 


AC CHARACTERISTICS 
(Vcc = 5V + 5%, Ta = 0 ~ +70°C) 


Parameter pee Unit Note 
[MIN [MAX | MIN | MAX | 
Random read or write cycle time tRc | 1o | — | 199 | — | ns | 
Fast page mode cycle time "tee | 50 | — | 6 | — | rs 
Access time from RAS trac | — | 60 | - | 100 | ns | 27 
Access time from CAS rtcac. | — | 20 | — | 2 | ns | 2&7 
Access time from column address | tan | — | 40 | — | 50 | ns | 2,8 
Access time from CAS precharge | tcpa =| — | 45 | -— | 50 | ns | 2 
GAS to output in Lo-z rtaaz [| o | - | 0 | - | s | 2 
Output buffer turn-off delay | torr | Oo | 20 | oO | 20 | ns | 3 
Transition time (Rise and Fall) | tr | 3 | 50 | 3 | 50 | ns | 1 
RAS precharge time tap | 70 | — | a0 | — | ns _| 
AS pulse width Tiras | 80 | 10K | 100 | 10K | ns | 
RAS pulse width (Fast page mode) | trasp | 80 | 100K | 100 | 100K | ns | 
RAS hold time tasy | 20 | — | 25 | — | re 
CAS hold time rtcsy | 80 | — | 100 | — | ns | 
CAS pulse width Ttcas | 20 | 10K | 25 | 10K | ns _| 
RAS to CAS delay time trop | 22 | 60 | 25 | 75 | ns | 7 
RAS to column address delay time | trap | 17 | +40 | 20 | 50 | ns | 8 
CAS to RAS precharge time Ptcrp | 10 | - | 10 | - | ns _| 
CAS precharge time (Fast page mode) | tcp | 10 | — | 10 [| — | ons | 
Flow address set-up time tase [0 | - | 0 | - | ns | 
Flow address hold time tray | 72 | — | 1 | — [ns _| 
Column address set-up time !tasc | Oo | — | oO | — | ns | 
Column address hold time ltcan =| 15 | OC Cd 20 | ons 
Column address hold time refer.toRAS | tan | 60 | — | 75 | — | ons | 
Column address to RAS lead time | tra | 40 | — | 50 | — | ns | 
Read command set-up tas | 0 | - | o | — | ns | 
Read command hold time tach fo | - | 0 | - [1s [ 4 
Read command hold time refer. to RAS | tary | 10 | — | 10 | — | ns | 4 
Write command hold time two | 15 | — | 20 | — | ns | 
Write command hold time refer. to RAS | twcr | 60 | — | 75 | — | ns | 
Write command pulse width twp | 16 | — {| 20 | — | ns | 
Date set-up time rips | o | - | o | —- | s | 5 
Date hold time tH | | - | 2 | — | ms | 5 
' Date hold time referenced to RAS | tpyR | 60 | — | 75 | -— | ns | 
Refresh period trer | - | 8 | — | 8 | ms | 
Write command set-up time ftwes | 0 | — | o | — | ns | 6 
CAS set-up time (CAS before RAS cycle) |tcse | 10 | — | 10 | — | ns | 
CAS hold time (CAS before RAS cycle) | tcuR | 30 | — | 30 | -— | ns | 
RAS to CAS precharge time treo | 10 | - | 10 | — | ne 
CAS precharge time ricey | 10 [| — | % | — | ns 
NOTES : 
1) AC measurements assume tr =5ns. 
2) Measured with a load equivalent to 2 TTL loads and 100pF. - 


3) toFfr (max) defines the time at which the output achieves an open circuit condition. 
4) Either tacH Or tRRH must be satisfied for a read cycle. 
5) These paramenters are referenced to CAS leading edge. 


6) twcs is not a restrictive operating parameter. Tis is included in the data sheet as electrical characteristic only. If twwcs>twcs (min), the 
cycle is and early write cycle and the data out pin will remain as open circuit (Hi-Z) 


7) Operation within the top (max) limit insures that trac (max) can be met. trop (max) is specified as a reference point only : if tcp is 
greater than the specified tacp (max) limit, then access time is controlled by tcac. 


8) Operation within the trap (max) limit insures that trac (max) can be met. trap (max) is specified as a reference point only : if trap is 
greater than the specified trap (max) limit, then access time is controlled by tag. 
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= DYNAMIC RAM-MSC2321A-xxYS18 


@ READ CYCLE 


RCH 
nRH | 


ress - ys \ 1X c 
7 if | t al 
ve LLL =a 
or ore Oto 





twcrR 


= ZI A mm 


LLL Tn XO, 


Don't care 
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= DYNAMIC RAM-MSC2321A-xxYS18 = 


@ FAST PAGE MODE READ CYCLE 





: a p alls N 
aseress™ TE om WOK @ WOK Pm 


» 


trap | tRRH 


tacs 
dw 


Me SAUL LL 
Kale 


tRac 
F : Vala 
4 ‘ () 
OX ous | 
te.z 


Oon tcare 


in ine 
/ ans 
ct Mc KI ///7 


tWCH 


we | TTT U//> ana UA / 


Vv 
Address | ( 
Vin = /] 


tos tow 


00 ZZTIL TTD ea oo OK voce WO TTTT/. 
pea 


toHR 


Don't care 
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= DYNAMIC RAM-MSC2321A-xxYS18 = 


@ RAS ONLY REFRESH CYCLE 


tasr\ tRAH 


Aserenss, 7 OI 


DQ You - 
YOL= 


 } 
Dontcare 


NOTE WE =Dontcare. 





@ CAS BEFORE RAS REFRESH CYCLE 


Dont care 


NOTE : WE=Don't care, AO ~ A8=Don't care 
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= DYNAMIC RAM: MSC2321A-xxYS18 = 


@ HIDDEN REFRESH READ CYCLE 


MM, Be 


@ HIDDEN REFRESH WRITE CYCLE 
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OKI semiconductor 
MSC2355-xxYS12 


1,048,576 Word x 36 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE 





GENERAL DESCRIPTION 


The Oki MSC2355-xxYS$12 is a 1,048,576 word by 36 bit dynamic Random Access Memory (RAM) 
Module which is comprised of eight pieces of the MSM514400 and four pieces of the MSM511000A 
mounted on a SIMM printed circuit board. The MSC2355-xxYS12 is a fully decoded SIMM module 
constructed using Oki's proprietory silicon gate CMOS process. The MSC2355-xxYS12 has been 
designed for use in systems where high density, large capacity memory is required. This includes 
applications such as PC main memory, work stations and computer graphics. 


FEATURES 
@ 1,048,576 word x 36 bit organization 


@ 72-pin Socket Insertable Module 
@ Family organization 


Access Time Power Dissipation 
(MAX) Cycle 
Family Lan Operating Standby 
MSC2355-80YS12 Pog reg oe am 5355mW 63mW 





Single +5V supply, + 5% tolerance 
Input : TTL compatible 
Output : TTL compatible, triastate, nonlatch 


Refresh : 1024 cycles/16mS a — 
CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability 
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PIN CONFIGURATION 
MSC2355-xxYS12 


MSC2355- 
10YS12 
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FUNCTIONAL BLOCK DIAGRAM 
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ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


Rating Symbol 
Voltage on any pin relative to V,, 
Voltage V,, supply relative to V,, 
Short circuit output current — 
Power dissipation 
Operating temperature 
Storage temperature 


Vin» Vout 


0 ~ +70 


Unit 
V 
V 

mA 


WwW 


°C 
°C 


Notes: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational 
sections of this data sheet. Exposure to absolute maximum rating conditions for extended 


periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


I nll Haha 


Supply Voltage V 


Input high voltage 


Input low voltage V 


CAPACITANCE 


Parameter 
Input Capacitance (A0-A9) 
Input Capacitance (WE) 
Input Capacitance (RASO, RAS2) 
Input Capacitance (CAS0-CAS3) 
Input Capacitance (DQO-7, 9-16, 18-25, 27-34) 
VO Capacitance (DQ8, 17, 26, 35) 


Capacitance measured with Boonton Meter. 
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Referenced to V,. 


cease Bae 


—— 


Operating 
temperature 


o°c ~ +70°C 


(T, = 25°C, f = 1 MHz) 


[Symbol_| TYP | MAX _| 


eB 


ee 


Unit 
pF 
pF 
pF 
pF 
pF 
pF 
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DC aiieh aes 
(Vcc = 5V +5%, Ta = 0 ~ +70°C) 


MSC2355- | MSC2355- 
Parameter Symbol | Conditions 80YS12 10YS12 Unit | Note 
n,n [a | MAX 
OV < V,, s 6.25V; 
Input leakage current all other pins not —120 | 120 —120 pA 
la under 
text = OV 


Output leakage DQO0-35 = disable 10 | 10 A 
current OV < Vou $ 5.25V = H 
So ec CK 


Average power RASO, RAS2, CASO-CAS3 
supply current lise cycling 1020 mA | 1,2 
(operating) tac = min 

V 


Power supply RASO, RAS2 = 





current CAS0-CAS3 = 


Via Ei 

loos mA 
Stn ooes-He  {wos| — fae | — | 12 
Average power RASO, RAS2 cycling 
supply current loos 4 |CASO-CAS3 = V,, 1020 mA | 1,2 
(RAS only refresh) tac = min 
Power supply RASO, RAS2 = Vi 
current locg  |CASO-CAS3 = V, mA | 1 
(Standby) DQ0-35 = enable 
Average power RASO, RAS2 cycling 
supply current lee mA 1 
(CAS before RAS 
refresh) 


Average power RASO, RAS2 = Vie 
supply current i CASO-CAS3 = eyeling 780 | mA | 1,3 
(Fast page mode) vc = min 





Note: 1. Icc is dependent on output loading and cycle rates. Specified values are obtained 
with the output open. 


2. Address can be changed once or less while RAS = V,, 
3. Address can be changed once or less while CAS = V,,, 
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AC CHARACTERISTICS 
(Vcc = 5V +5%, Ta = 0 ~ +70°C) 
Note 1, 2, 3 


MSC2355- MSC2355- 
Parameter Symbol 80YS12 10YS12 Unit Notes 
menmwwemenme |e [wel Tool fo 


ces ine om OFS re [==> -p=t ps 
Access time from column address oe Sa. 2s Bee 4.6 


Access time from CAS precharge | te, | -| 4 | - | 55] ms | 4 
Output low impedance time from CAS isc ee 4 
Output buffer turn-off delay time | tor f 0} 20 | Of 25 | 7 
Transition time ae ete 3 
tah Ge =e =e 
a sir ee ee cd 
RAS pulse width /10K | 100 | 10K pons 

RAS pulse width (Fast page mode) | tage | 80 |100K | 100 100K | ns | 
A ha re f=] -[ =, -[ = 
CAS pulse width 10K | 25 | 10K | ons | 

CAS hold time p=] ons | 

CAS to RAS precharge time te 

RAS to CAS delay time 5 
RAS to column address delay time 6 


Row address set-up time 
Row address hold time 


Column address set-up time ASC 


mt 


Com a = ome 
ps] 
r oO 


Column address hold time CAH 


Column address hold time from RAS 


_ — — 

ie) N =) 

NJ — 
ol 


Column address to RAS lead time ce 
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AC CHARACTERISTICS (Continued) 


Parameter 


Read command set-up time 
Read command hold time 


Read command hold time 
reference to RAS 


Write command set-up time 

Write command hold time 

Write command hold time from RAS 
Write command pulse width 

Data-in set-up time 

Data-in hold time 

Data-in hold time from RAS 


CAS active delay time from RAS 
precharge 


RAS. to CAS _Set-up time 
(CAS before RAS) 


RAS to CAS hold time 
(CAS before RAS) 


WE to "RAS precharge time 
(CAS before RAS) 


WE hold time from RAS 
(CAS before RAS) 


RAS to WE set-up time (Test mode) 


RAS to WE hold time (Test mode) 


Symbol 


CSR 


CHR 
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er 
er 2 


MSC 


2355- 


10YS12 


Unit 


Notes 


189 





= DYNAMIC RAM:-MSC2355-xxYS12 = 


Notes: 
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1. 


10. 


An initial pause of 200 ps is required after power-up followed by a minimum of eight 
initializatiojn cycles (RAS only refresh cycle or CAS before RAS refresh cycle) before 
proper device operation is achieved. 

In case of using internal refresh counter, a minimum of eight CAS before RAS 
initialization cycles is required. 


The AC characteristics assume t, = 5 ns. 


Vin (min.) and V,, (max.) are reference levels for measuring of input signals. Also, 
transition times are measured between V,,, and V,. 


Measured with a load circuit equivalent to 2 TTL loads and 100pF. 


Operation within the t,.) (max.) limit insures that t,,,, (max.) can be met. t,,, (max.) 
is specified as a reference point only; if t,,, is greater than the specified t,,,. (max.) 
limit, then access time is controlled exclusively by t,,<- 


Operation within the t,,,, (max.) limit insures that t,,, (max.) can be met. t,,,, (max.) 
is specified as a reference point only; if t,,, is greater than the specified t,,,, (max.) 
limit, then access time is controlled exclusively by t,, 


ere (max.) defines the time at which the output achieves the open circuit condition 
and is not referenced to output voltage levewls. 


Either tn. OF tac, must be satisfied for a read cycle. 


RRH 
The test mode is initiated by performing a WE and CAS before RAS refresh cycle. 
This mode is latched and remains in effect untill the exit cycle is generated. 

The test mode specified in this data sheet is 8-bit parallel test function. 

RA10, CA10 and CAO are not used. In a read cycle, if all internal bits are not 

equal, then the data output pin will indicate a low level. 

The test mode is cleared and the memory device returned_to its normal 
operational state by performing a RAS only refresh cycle or a CAS before RAS 
refresh cycle. 


In a test mode read cycle, the value of an access time parameters is delayed by 
5ns from the specified value. These parameters should be specified in test 
mode cycles by adding the above value to the specified value in this data sheet. 
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e READ CYCLE 


, tRAD 
¢-—_—_——> 
ASR | | thay tascl'CAH 


i i AML 
al | | oH 


EEA) "on *" 





e WRITE CYCLE (EARLY WRITE) 


'WCR 
t 


'OHR 


zi 


tps ea ‘bH 


CE CO 
es “H" or “L" 
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e@ FAST PAGE MODE READ CYCLE 


ee 


iy Fron ase Column KY i lees 


Yt a 
RA 


UL “H" or "L" 





e@ FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


V 


Addross yt ZT Row “KEK Conn WM Coimmn WN Colann “MIE: 
RAD 


twes| [two ‘wes! |'wou ‘wes! ‘wou 
| | [twe E 'we | ot | ‘we 


t 
DS "DH 


CLL, sain KA oan n WE _taan KEL 


‘DUR 


“H" or "L" 
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e RAS ONLY REFRESH CYCLE 


'RPC 


CZ 


ons i LK. 8 YY #OWWWOOOUEL- 


Vv. 
DQ yo ——__________-___. op 


NOTE WE = “H" or “LY” 44 "H" or “L" 





e CAS BEFORE RAS REFRESH CYCLE 


° LYMLL QML 


‘OFF 


OPEN 


NOTE zi AO - AQ = "H" or gi Ca "H" or ad Sad 





193 


= DYNAMIC RAM-MSC2355-xxYS12 = 


e HIDDEN REFRESH READ CYCLE 





'RC 
"Ras ‘Rp 'RAS 
ee 2. | ae 


‘CRP 'CHR 


ioe 
i eNO Column LLL LEAL L aL 


‘real ll ir AR 1 


| KEE 7, LLL 


e HIDDEN REFRESH WRITE CYCLE 
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tasp eb tay | 
a 


LMM 


LLL MM 


'DHR 


ie) "H" or “L" 


sii BA Dir dt lata ed DAE ca Saga NE Ea Ee Sn a ak a ml cats A a a Fin taper ca a pie ol wie ee a cra a Lie alee Si a : Senet tL Alten audi tt a ts ane etann 








NOTICE 


Ae 


The information contained herein can change without notice 
owing to product and/or technical improvements. Please make 
sure before using the product that the information you are 
referring to is up—to—dated. 


The outline of action and examples of application circuits 
described herein have been chosen as an explanation of the 
standard action and performance of the product. When you 
actually plan to use the product, please ensure that the outside 
conditions are reflected in the actual circuit and assembling 
designs. 


. NO RESPONSIBILITY IS ASSUMED BY US FOR ANY CON- 


SEQUENCE RESULTING FROM ANY WRONG OR IMPROPER 
USE OR OPERATION, ETC. OF THE PRODUCT. 


Neither indemnity against nor license of a third party s indus- 
trial and intellectual property right, etc. is granted by us in 
connection with the use of the product and/or the information 
and drawings contained herein. No responsibility is assumed 
by us for any infringement of a third party's right which may 
result from the use thereof. 


The products described herein falls within the category of 
strategical goods, etc. under the Foreign Exchange and Foreign 
Trade Control Law. Accordingly, before exporting the product 
you are required under the Law to file the application for the 
export license by your local Government. 


No part of the contents contained herein may be reprinted 
or reproduced without our prior permission. 


MS-DOS is a registered trademark of Microsoft Corporation. 


Copyright 1990 OKI SEMICONDUCTOR 
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